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ABSTRACT

The Lincolnshire Limestone Formation (Bajocian) of eastern England
has been studied from three standpointss: blostratigraphy, lithostratigraphy
and environmental analysis, New discoveries and a revision of earlier
ammonite finds have permitted a re-assessment of the formation's agq,relatiw
to the standard Jurassic ammonite zonal scheme. Three distinct ammonite
faunas, representative of the disgites Zone, and gyalis and laeviusgula
Subzones of the laeyiuscula Zone, have been recognised, It has therefore
been possible, for the first time, to subdivide the formation on the basis of
its ammonite faunas., As neither the lowest nor highest lithostratigraphie
units have so far ylelded any ammonites, the minimum and maximum ages of the
Lincolnshire Limestone remain unresolved.

The lithostratigraphy of the formation has been completely revised and
eleven "formalised™ members proposeds Sproxton, Greetwell, Isadenham, Lincoln,
Scottlethorpe, Lindsey Shale, Metheringham, Blankney, Castle Bytham, Sleaford
and Creeton. The base of the Lincoln Member is considered to be of
fundamental importance in the internal correlation of the formation. It has
been used as the datum level for all correlations. As the boundary between
the ammonite faunas indicative of the discites and lasyuiscula Zones appears
to coincide with the base of the Lincoln Member, it may well be a significant
biostratigraphic, as well as lithostratigraphic divide. Although less
certain on present evidence, the base of the Sleaford Membsr may also prove
to be an important biostratigraphic boundary, separating the ammonite faunas
of the oyalis and laeviuscula Subzones of the laeyiusgula Zone.

Analysis of both sedimentological and faunal criteria has permitted a
number of environments to be recognised. In broad terms the transgressive
Lincolnshire Limestone sequence has prograding tidal-flat rhythms and
"lagovonal" deposits erosively overlain by barrier-complex sediments. Various
sub-environments, including barrier-inlet channels and barriesr-island sediments,

have been recognised within the barrier-complex.
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CHAPTER I

ANTRODUCTION

1.1, AIMS_AND SCOPE OF RESEARCH

T.l.a.  Alms of Regsearch
The principal aim of this project has been to develop a coherent

lithostratigraphy for the Lincolnshire lLimestone Formation of the Middle
Jurassie of eastern England, The new scheme is intended to clarify the
generalised and imprecisely defined stratigraphies of earlier workers
(see Sylvester-Bradley, 1968, for review) and to replace their unwieldy
and contradictory terminologies with a simplified, coherent nomenclature.
In addition a detailed revision of the ammonite faunas of tho formation
has been undertaken and the stratigraphical position of these forms re-
assessed, On the basis of this, a new internal biostratigraphy has been
erected for the Limestone and a better understanding of the formation's
position in the standardised Jurassic zonal scheme has been gained.
Finally, the carbonate facles represented in the formation have been
analysed and a depositional history outlined. The environmental inter-
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~-pretations have been based upon both sedimentological and faunal
eriteria,
I.lb.  Geographical Setting

The Lincolnshire Limestone crops oul as a linear belt running
northwards from Kettering, Northamptonshire to the Humber Estuary (Fig.l.
1), It is belicved to continue into North Humberside as the Cave Oolite,
Between Scunthorpe and Sleaford, the Lincolnshire Limestone caps the
westward facing escarpment called the "lincoln Cliff", but further south
its outerop becomes less well defined, widening and swinging away from a
sharp north-south alignment to a north-east - south-west trend,

Economically the Limestone is exploited for cement manufacture,
agricultural lime, building stone (the Ancaster and Clipsham Stones) and
low-grade roadstone. Such wide use has resulted in the excavation of a
number of quarries which, with a few railway cuttings, provide the only
exposures in the formation. There are no known natural exposures. Open-
cast mining for the underlying Northampton Ironstone (Fig.l.2) formerly
revealed numerous faces in the Lincolnshire Limestone in Northamptonshire
and south Lincolnshire/leicestershire but recently the south Lincolnshire
ironfield has been abandoned and most of the workings restored for
agriculture.
I.l.e. Geological Setting

The Linecolnshire Limestone constitutes the highest formation in
the Bajocian succession of the East Midlands (Fig.l.2). Pr:.ar to this
work much of the formation was considered to fall within the disgites
Zone of the Lower Bajocian (Kent, 1066; Barker and Torrens, 1971; Senier
and Earland-Bennett, 1973; Parsons, 1974a; but see also Parsons, 1974b),
but a revision of the ammonite faunas has shown this not to be the case.
The range of the diagites Zone faunas in the Limestone has been shown to
be far more restricted than previously thought and to be succeeded by
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other faunas, indicative of the "higher" lgeyiuscula Zone. These also
signify a Lower Bajocian age., However, there is still no evidence to
support the view of Kent (in Swinnerton and Kent, 1978) that the Great
Ponton Beds (uppermost Lincolnshire Limestone) represent still younger
levels. Indeed the lithostratigraphical relationships of the Great Ponton
Beds suggest that they can be correlated with beds elsewhere that have
definitely been shown to beleng in the laeyluscula Zone.

The Lincolnshire ILimestone forms the principal carbonate unit
in the "mixed facles belt", which makes up the Middle Jurassic of the East
Midlands basin, Arkell (193%, p.210) considered the formation to be a
"lens of limestone", appearing just north of Kettering and thickening to
approximately 40 metres at Great Ponton, near Grantham, before thinning
again towards the Humber Estuary (Fig.l.3). Although the variations along
the strike section are relatively well known, the configuration of the dip
section remains unresolved because the western limit of the formation is
determined by present day erosion, while eastwards the Lincolnshire Lime-
stone dips under younger strata., Desplte this, some of the formation's
mejor thinning trends can be determined from well and borehole logs (Fig.
1.4). More recently the data gained from the North Sea oil expleration
(Kent, personal communication) has shown a general eastward thinning of
the Limestone, suggesting thet the Lincolnshire Limestone "sea" was
probably situated in a N.E. - S.W. aligned gulf, This, probably shallow
gulf, was bordered to the north by the Yorkshire Delta and ‘to the south
by the low-lying london landmass. However the western (? land) and eastern
limits are less certain. The generalised review of the geological history
of the North Sea by Zlegler (1975) suggests that the Linecolnshire Limestone
probably formed a carbonate fringe to the London Landmass, although the
details at formational level are not fully known yet for the North Sea
area (Kent, 1975, p.447).
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Genetically the formation forms a marine intercalation between
the more clastic-rich, paralic Grantham Formation (formerly Lower
Estuarine Series, see Kent, 1975b) and Upper Estuarine Series, reflecting
the transitional nature of the region as a whole between the deltaic facies
of Yorkshire and more open marine conditions of southern England., However
in neither case are the relationships between the Fast Midlands basin and
those of Yorkshire and Southern England clearly known (Fig.l.5). To the
north, the Humber Estuary forms a natural break in outerop between
Lincolnshire and Yorkshire, which is emphasised by the poorly-exposed
nature of the Jurassic sequence immediately to the north and south of the
waterway. Despite this, the Cave Oolite has long been considered, on
lithological eriteria, to be the North Humberside equivalent of the
Lincolnshire Limestone (de Boer et al., 1958); a correlation supported by
the discovery of a [yperliogerss rudidiscites S. Buckman from the Cave
Oolite at Eastfield Quarry, South Cave (SE 915325) by Senior and Earlend-
Bennett (1978)., However Parsons (1974b) expressed considerable doubt as
to the validity of this ammonite's identification and therefore, in light
of the revision of the biostratigraphy of the Lincolnshire Iimestone, the
precise Cave Oolite - Lincolnshire Limestone carrelation must remain
unresolved, The other marine horizons in the Yorkshire basin (see
Hemingway, 1974), which may reflect transgressions of the Lincolnshire
Limestone sea into Yorkshire, have not so far ylelded any ammonites
(Hemingway, 1974, p.193) and therefore proposed correlations with these
units remain largely speculative. However, on the basis of ostracoed
faunas, Bate (1967) suggested broad correlations between the Hydraulie
Limestone/Ellerbeck marine horizon and the lower Lincolnshire Limestone
and between the Millepore Bed/Whitwell Oolite, Yons Nab Beds and Cave
Oolite and the Upper Lincolnshire Limestone (Fig.1.6). Furthermore, he
(Bate, 1967) claimed that the Scarborough Limestone was younger than the



Lincolnshire Limestone, an opinion that has recently been supported by
ammonite evidence (Parsons, 1977)., However, Knox (1973a) suggested that,
on field relations, the Hydraulic Limestone was unlikely to be equivalent
to the Ellerbeck Formation and that the initial Lincolnshire Limestone

vas more likely to be reflected (north of the Market Weighton structure) by
the Blowgill Member of the Cloughton Formation (see Hemingway and Knox, 1973
for stratigraphical details), the Ellerbeck marine horizon not being
developed in Lincolnshire.

The southern boundary of the Lincolnshire Limestone approximately
coincides with the Oxford Shallows (Sylvester-Bradley, 1968). The
complicated stratigraphical relationships in this area make it difficult
to determine whether there was a marine connection between southern Englend
and Lincolnshire at this time. At no point does the Lincolnshire Limestone
pass laterally into shoreline deposits, and so the real limits of the basin

remain unknown,

1.2,  BEVIEW OF PREVIOUS RESBARGH

I.2.a.  Introduction
Previous research on the Lincolnshire Limestone was largely

carried out in two distinct periods: pioneer work in the middle to late
19th century revealed the overall stratigraphical relationships of the
formation, while in the 1930s - 1940s the internal relationships of the
Limestone were more fully examined. '

Although the earliest studies on the formation were by Brodie
(1853) and Morris (1853), it was not until the independent research of
Sharp (1878) and Judd (1875) that the Inferior Oolite age of the Linconshire
Limestone was indisputably established. Morris (1853) had assigned it to
the Great Oolite, while Brodie (1853) placed different parts of the
Lincolnshire Limestone into the Inferior and Great Oolite; a practice
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apparently followed by Morris (1869), Iater work (Cross, 1875; Jukes-
Browne, 1885; Ussher et al., 1888; and Ussher, 1890) continued the steady
aceumulation of lithological and faunal detalls, which were collated in a
valuable synthesis by Woodward (1894)., Outstanding amongst these earlier
contributions were the scholarly works of Sharp (1873), Judd (1875) and
Ussher (1890), who unravelled the complex facies of north Lincolnshire,

As most of these earlier workers were concerned with establishing
the overall stratigraphical position of the Lincolnshire Limestone, little
attention was paid to subdividing the formation., However Ussher et al,
(1888, p.44) and Ussher (1890, p.59) offered the first cogent internal
classification of the formation for two areas in northern Lincolnshire
and on the basis of these, suggested a correlation between the two sequences
(Fig.1.7). Iater Woodward (1894, p.174) ordered all the previously used
terms for the subdivisions of the Lincolnshire Limestone into broadly
equivalent stratigraphical groupings (Fig.l.8).

After this early work, the Lincolnshire Limestone was neglected
until the 1930s, when both independent workers (Richardson end Kent, 19%8;
Richardson, 1939a, and 1940; Muir-Wood, 1939 and 1952; Kent, 1940, 1948
and 1953; Swinnerton and Kent, 1949; and Hallam, 1954) and the Geologicsd
Survey (Hollingworth and Taylor, 1946a, 1946b and 1951; Taylor, 1946;
Wilson, 1948; and Evans, 1952) contributed a profusion of facts and ideas
concerning the correlation and subdivision of the formation. Despite this,
no truly coherent stratigraphical scheme, based upon detaiiod measured
sections, was ever published. An outline stratigraphy was proposed by
Kent (1940), wh described the generalised succession and major lateral
facies variations. He (1940, p.51) also discussed the age of the formation
in the light of the more recent ammonite discoveries (Batters, 1955; Baker,
1984; Kent and Baker, 1958; and Richardson, 195%a) and, above all, (op.cit.,
P+49) recognised the correlative value of Aganthothiris crogsi (J.F. Walker).
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The Crossi Beds were the first consistently traceable horizon in the
formation, Throughout his work, Kent (1940, p.49) generously acknowledged
the debt to Mr. L. Richardson, who, judging from the diagram first published
in Sylvester-Bradley (1968, fig.42; see Fig.l1.9) and his field reports
(Richardson, 1939a, 1939b and 1940), had a considerable understanding of
the internal stratigraphy of the Lincolnshire Limestone, It is to be
regretted that neither of these men published the full details of their
work, as they could well have advanced our understanding of the Lincolnshire
Limestone well beyond that which was evident from their writings.

The Geological Survey work on the Lincolnshire Limestone was a spin-
off from the study of the Northampton Ironstone. Nevertheless Hollingworth
and Taylor (1951; see also Taylor, 1968) produced an internal stratigraphy
for the formation of south Lincolnshire, leicestershire (Rutland) and
Northamptonshire while the relationships of the facies seen in central
Iineolnshire were summarised by Evans (1952), Furthermore Teylor (1946)
demonstrated the existence of extensive, large-scale channelling of the
Upper into the Lower Lincolnshire Limestone in Northamptonshire.

This period of research concentrated upon the problems of sub-
divding the Lincolnshire Limestone and despite the proliferation of local,
and often contradictory, stratigraphical ferms (Sylvester-Bradley, 1968),
the work of Kent and Richardson provided a basis from which further studies
could be developed. Furthermore the ammonite evidence collated by Kent
(1840), and the preliminary work on the hrachiopod faunas by Muir-Wood
(1939 and 1952) began to give a firmer idea of the age of the formation
within the Inferior Oolite.

later, Kent (1968) completely revised and standardised the
stratigraphical nomenclature of the Lincolnshire Limestone and reviewed
much of the palasontological evidence for the age of the formation. The
Rew terminology was adopted, with only minor modifications, in subsequent
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vork (Sylvester-Bradley, 1968; Kent, 1970; and in Swinnerton and Kent,
1976; but see Ashton, 1975). Advances were also made in the dating of
the Lincolnshire Limestone (Bate, 1967; Barker and Torrens, 1971; Senior
and Barland-Bennett, 1973; and Parsons, 1974b). On the basis of ostracod
faunas, Bate (1967) suggested a broad correlation scheme for the Lincoln-
shire Limestone and Yorkshire Oolites (Fig.l.6), but the results of this
study were rather inconclusive, However, Barker and Torrens (1971)
reported the find of an ammonite that provided the first real evidence for
the age of the lower Lincolnshire Limestone in Northamptonshire, and Senior
and Earland-Bennett (1973) produced what appeared to be significant
ammonite evidence for the dating of the Upper Lincolnshire Limestone,
However, Parsons (1974b) questioned the validity of much of the work of
Senior and Earland-Bennett (1973), which has subsequently been shown to
be mostly inaceurate (Ashton, 1976; and Ashton and Parsons, in prep.).
Consequently the apparent advances made by Senior and Earland-Bennett (1973)
are now known to be largely spurious.
I.2.b.  Interpal Correlation

The pioneer works of the last century were primarily concerned
with understanding the overall stratigraphical relationships of the
formation and, except for Ussher et al, (1888), Ussher (1890) and Woodward
(1894), no internal subdivision of the Lincolnshire Limestone was attempted.
In contrast, the second phase of work on the formation concentrated upon
this very aspect and a number of generalised schemes were pﬁ-opoud (Kent,
1940; Hollingworth and Taylor, 1951; Richardson in Muir-Wood, 1952 and
fig.42 in Sylvester-Bradley, 1968). These efforts were hindered by the
lack of eorrelatively useful fossils and the complexity of the facies
relationships.
I.2.b.i., Faupas The Lincolnshire Limestone is characterised by a scarcity
of ammonites (Arkell, 1933, p.210) and therefore the formation largely lacks



009

the principal means by which reliable internal correlations can be made.
Until recently the few ammonites that had been discovered were all thought
to represent a single zmone (the disgiteg Zome of the lLower Bajoclan; see
Kent, 1966 for review of earlier finds; Barker and Torrens, 1971; and
Senior and Barland ~Bennett, 1975), and therefore a subdivision of the
formation using ammonites seemed probable., However this view was under-
mined by Parsons (1974b), who claimed that the Sopninia (BMNH C 39337),
from Castle Bytham (Richardson, 1939a), belonged to the Sonninia
{'Pissilobiceras') ovalis (Qu.emend. S.B.) ~ fissilobatup (Waagen) group,
and as such was indicative of the gyallg Subzone of the laeviuscula Zone,
which is the next youngest Bajocian zone after the discites Zone (see
Parsons, 1974a for details). Therefore the Lincolnshire Limestone
apparently could be subdivided on the basis of ammonites, a contention that
has been supported by subsequent research (Ashton, 1976; Ashton and Persons,
in prep.; and see Chapter III).

Although much progress has been made lin developing an internal
biostratigraphy for the formation (Chapter III), the relative scarcity of
ammonites remains a major hindrance to the correlation of many sections.
Furthermore the youngest horizons in the Lincolnshire Limestone have not
80 far ylelded any ammonites and therefore even the modified biostrati-
graphical scheme presented in this thesis (Chapter III) remains incomplete.

In the absence of ammonites, correlations were attempted using
macrobenthonic groups such as brachiopods (Muir-Wood, 1939 and 1952; and
Kent, 1940, 1966 and 1967), gastropods (Huddleston, 1888, p.75; and Cox in
Kent, 1966, p.62), bivalves (Kent, 1968, p.65) and corals (Kent, 1966, p.63)
and, in one case, microfossils (Bate, 1967). For example, Kent (1967)
correlated the base of the Clipsham Stone at the Soil Fertility Quarry,
Clipsham (SK 978154) with the "Roadstone" bed at Castle Bytham (SK 9901803
see Richardson, 19%9a, p.43) on the basis of the common ocewrrence of
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Zeilleria wilsfordengis Muir-Wood. Similarly the Barnack Rag, Weldon Beds,
Ancaster Rag and Great Ponton Gastropod Beds were all thought to be
laterally equivalent because they contained eimilar brachiopod and gastro-
pod faunas (Kent, 1966, p.62). However, the most useful fossil for the
formation's internal correlation proved to be the small rhynchonellid
Acepthothiris erossi (J.F. Walker), Its importance as a marker was first
recognised by Kent (1940, p.49) and further emphasised by Hollingworth and
Taylor (1951). In a general way it does appear to be & valuable marker for
the middle of the formation (the Crossi Beds), although A, crogsi ocours at
levels other than those encompassed by the Crossi Beds (Hollingworth and
Taylor, 1951, p.18) and in deteil even the Crossi Beds do not form a
distinet stratigraphic unit in themselves. On the contrary, the Crossi
Beds (with abundant A, crossi) occupy part of at least four clearly
differentiated lithostratigraphic units, although it is true that these ere
all concentrated around the middle of the formation., Therefore Kent's

(in Swinnerton and Kent, 1976) belief that A, crossi is an excellent marker
is accepted here on the understanding that A, crossi (in abundance)
indicates an approximate stratigraphie level only.

Besides the problem involved with A, grossi and the Crossi Beds,
there are a number of drawbacks involved in accepting other correlations
suggested by the benthonic faumas, Firstly, the majority of the feunas in
the Lincolnshire lLimestone appear to be facles-related, and consequently
the correlation of indigenous faunas is really a correlation of like-
environments, which may or may not be of a similar age, The "Nerin ea" s.l.
gastropods are one such facies-related group. Secondly, as many of the
gastropod and brachiopod occurrences are as transported fm;nu, they tend
to reflect the local sedimentation conditions rather than stratigraphically
useful faunal successions, This is especially so when one considers that the
enclosing lithological units concerned in many such correlations (for example
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those discussed by Muir-Wood, 1952) are most probably time-restricted,
making significant evolutionary changes unlikely. Indeed Bate (1967)
believed that the relatively rapid deposition of the Lincolnshire Limestone
did not allow for significant evolutionary changes to take place in the
ostracod faunas, which are fairly uniform throughout the whole of the
formation. Finally, when examined in detail, many of the proposed correlations
do not appear to be based on totally sound criteria. For example, there is
no elear evidence in the work of Muir-Wood (1952) that attempts were made
to colleet brachiopods from horizons other than those where they ocour
prolifically, As all of these horizons were known (or suspected) to be at
approximately the same level (Kent, 1940; and Muir-Wood, 1952, p,115) on
general lithostratigraphical grounds, it is really not so surprising that
the brachioped faunas (which are all derived) appeared similar. It would
have been far more valuable to know whother these same forms occurred at
other levels in the Lincolnshire Limestone and in different facies before
any importance was attached to their apparently restricted occurrence in
the uppermost lLincolnshire Limestone (Kent, 1966, p.57). Certainly Muir-
Wood (1952) presents little evidence to suggest a separation of the Creat
Ponton Terebratula and Gestropod Bed levels on faunal grounds.

In fact there seems little evidence in the literature to refute
the conclusion of Sylvester-Bradley (1968, p.218) that, ".....(Lincolnshire
Limestone) palaeontology has been so little studied that correlation is
almost limited to the recognition of the Crossi Beds and even this bed
presents problems...cee.”.
1.2.b.44, Lithologieg: The Lincolnshire Limestone is typified by what
Arkell (1933, p.210) termed, "..... bewilderingly rapid and frequent changes
of facies...c.es". Despite this, even some of the earliest workers (Ussher
et al., 1888; Ussher, 1890; and Woodward, 1894) proposed lithological
correlations (Figs.1.7 and 1.8), showing a remarkably advanced understanding
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of the facies relationships, However, it must be remembered that the
synthesis of Woodward (1894) relied heavily upon the work of Sharp (1873),
Judd (1875), Ussher et al, (1888) and Ussher (1890),

Unfortunately this early work was not added to until the 1930s,
vhen Richardson (19%9a, 1939b and 1940; and see also Richardson and Kent,
1938; Muir-Wood, 1952; and Fig.l1.9), Kent (1940) and to a lesser extent
Hollingworth and Taylor (1951), developed very similar stratigraphies for
the Lincolnshire Limestone. Although Kent (1940, p.49) acknowledged the
contribution of Richardson in the development of this work, it is apparent
from later work (Muir-Wood, 1952; and Kent, 1966, pp.62-62) that the two men
did not agree on all points. In perticular, far from placing the Upper/
Lower Iincolnshire Limestone subdivisions immediately above the Crossi Beds,
Richardson (see Muir-Wood, 1952) was in favour of drawing it between the
Ancaster Freestons/Ancaster Rag levels at Ancaster (see Richardson, 19%9b,
p«473), although no such twofold division occurs on his 1939 ecross section
draft (Fig.1.9). The relative merits of these two arguments are discussed
in Chapter II., What is common to both of these workers is the certainty
that they attach to the lateral traceability of the Lower Lincolnshire
Limestone subdivision and the uncertainty (see Kent, 1940, fig.l and 1966,
fig.2) associated with the correlation of the higher units, in particular
the Ancaster Freestone and Rag, the Great Ponton Beds and the Clipshem and
Weldon Beds.

Despite the advances made by Xent (1940), the failure to publish
any measured sections on which the stratigrephical subdivisions were defined,
left the proposed terminology without a lithological framewerk and
consequently devalued the work. Inevitebly in the absence of defined type
sections, the stratigraphy was never rigidly applied by later workers and
additional names were erected for some units (Hollingworth and Taylor, 1951).
Elsevwhere mis-interpretations of Kent's stratigraphy resulted in even
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fundamental divisions like the Upper/lower Lincolnshire Limestone boundary
in central Lincolnshire being re-defined in such a way that it contredicted
all previous work (Evans, 1952), Consequently the stratigraphy became even
more confused and imprecise and the nomenclature unnecessarily complicated.
This situation remained until Kent (1966) reviewed the earlier terminological
usage and proposed & standardised scheme (op.cit., fig.l). However, Kent
(1966) again failed to base the revised terminology upon measured sections
and the ill-defined, localised nomenclature persisted.

later workers (Bate, 1967; Barker and Torrens, 1971; and Senior
and Baerland-Bennett, 197%), more concerned with the biostratigraphical
relationships of the Lincolnshire Limestone, tended to adopt the scheme
proposed by Kent (1966), although Sylvester-Bradley (1968) suggested some
minor modifications. However the problems inherent in trying to apply a
generalised scheme, like that of Kent (1940 and 1966), to specific sections
became only too apparent in some of this later work. For example, in
outlining the stratigraphy of Woolfox Quarry (SK 951156), using the scheme
of Kent (1966), Senior and Earland-Bennett (1973) not only mis-identified
the subdivisions but even confused the Upper and Lower Lincolnshire Lime=-
stone (see discussion in Ashton, 1976); in that particular quarry the lLower
Lincolnshire Limestone does not conform to Kent's generalised stratigraphy.

Therefore, although an internal stratigraphy emisted for the
Lincolnshire Limestone prior to this work, its ill-definiticn rendered it
largely unusable for more detailed work, and suggested the need for its
revision,
I.2.c.  External Correlation

The Inferior Oolite age of the Lincolnshire Limestone Formation
was independently established on general afaunal and stratigraphical grounds
by Sharp (1878) and Judd (1875), However, as the importance of ammonites
to Jurassic stratigraphy became more apparent (see Arkell, 1933 for historical
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reviev), it was obvious that they could be used to refine the age of the
Iincolnshire Limestone., Unfortunately the formation appeared to be
practically barren of cephalopods and therefore its subdivision and
correlation were impeded (Arkell, 1935, p.210), More recently though, fresh
ammonite discoveries have been made (Berker and Torrens, 1971; Senior and
Earland-Bennett, 1973; and Ashton, 1978) and the significance of the ammonite
faunas re-assessed (Parsons, 1974b; Ashton, 1976; and Ashton and Parsons,

in prep.) in the light of mare modern stratigraphical vork (Persens, 1974a).
This hes resulted in the stratigraphical position of the Lincolnshire Iime-
stone being more firmly understood.

1.2.c.1. Ammonites: The role of ammonites in the correlation of the
Lincolnshire Limestone is fully discussed in Chapter III,

1.2.c.14. Other fauna: The marked lack of ammonites in the Lincolnshire
Limestone has resulted in more than usual importance being attributed to
correlations based upon other invertebrate groups, especially gastropods,
hrachiopods, bivalves and ostracods, Many such correlations have their
origins in the last centwry. Indeed as Kent (1966, p.66) pointed out, "The
earliest detailed dating of a part of the formation was by Brodie (1853),
who assigned the lower beds in the Orantham district to the horizon of the
Oolite Marl of the Cotswolds (hradfardensis Zone) on the basis of (Natics
Jleckhamptonensis), (formerly N, cingta) and other fossils". Although this
correlation has been acoepted time and again (Hudleston, 1888, p.72; Kent,
1066; Seniar and Earland-Bennett, 1975) it was questioned by Parsons (1974b,
p.116), who, referring to the work of Senior and Earland-Bennett (197%)
said, "..es. the authors ..... overlooked the overvhelming ammonite
evidence which has since eliminated any possibility of the correlation of
the Little Ponton Beds with the Oolite Marl". This example serves to
i1lustrate the imprecision of many of the correlations (relative to ammonite
zonal stratigraphy) based upon benthonie faunas.
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Other proposed correlations, using gastropods, seem to have
stemmed from the contention of Hudleston (1890, pp.195-196) that the
"Nerinaea" s.l. from the Weldon and Great Ponton Beds have Bathonian
affinities. This apparently influenced Arkell (1933, p.211) who stated,
"Provislonally 1t may be assumed that the highest part of the Lincolnshire
Limestone is probably of Upper Inferior Colite date"; an opinion that has
retained support up to the present time (Swinnerton and Kent, 1976, p.43),
although with diminishing conviction (ef. Swinnerton and Kent, 1949 and 1978).
On re-examination, the evidence favouring such a correlation seems to have
derived most of its "strength" from repetition because in addition to
advocating the Bathonian affinities of these gastropods, Hudlestone (1890,
PP«195-196) also said "When to these difficulties (poor preservation)
we add the prevalence of dimorphism, it must be allowed that the Nerinseas
of the upper beds of the Lincolnshire Limestone (Weldon and Great Ponton)
constitute about as undesirable a group as any one could have to investigate",
These obviocus taxonomic problems and the continulng absence of substandiating
evidence for a Bathonlan age for these beds must cast considerable doubt
upon the conclusions drawn from the gadropods, especlally in the light of
the litho-and blostratigraphical advances described in later chapters. The
only firm evidence dating the Lincolnshire Limestone indicates a (lowest)
lover Bejocian age.

The brachiopods from the uppermost Lincolnshire Limestone have
similarly been thought to indicate an Upper Inferlor Oolite age (Kent, 1940,
peS1) but here too the evidence is only suggestive. Except for that of Muire
Wood (1952), no detailed taxonomic work has been undertaken on these forms
and it appears that the studiled specles cannot be readily related to
brachiopods from other depositional basins (Muir-Wood, 1952),

In other cases the benthonic forms were thought to support the
ammonite evidence and indicate a discites Zone age. This was particularly so
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with Irigonia hemisphaerics ver. gregeria Iycett, and the brachiopods of
the Crossi Beds. The former, occurring abundantly in the Kirton Cement-

stones and Kirton Shale of the Lincolnshire Limestone (Kent, 1940, p.57 and
1966, p.67), is restricted to the Lower Ipigonis Grit (discites Zone) of the
Cotswolds (Arkell, 1933, p.214). Similarly, Acanthothyris crogsi (J.F.Walker)
and "Terobratulge" resembling Lobothvris buckmani and Tubithyris painswick-
engis" (Kent, 1940, p.52) from the Crossi Beds were also considered to
support a discites Zone age because of their similarity to the brachiopod
fauna of the Buckmani Grit of the Cotswolds, although the latter realisation
that the Buckmani Grit species of jganthothipig were different from those
found in Lincolnshire (Kent, 1966, p.68) undermined this contention.
However, of greater significance and another salutory lesson in the use of
benthos for correlation, is the fact that the beds in which both I,
bemisphaerica and A, crosgi occur, have ylelded ammonites of the gyalis
Subzone (see Chapter III). It would appear therefore that the benthonie
faunas of the Lincolnshire Limestone cannot be considered as anything other
than generalised age indices, especially in the context of Jurassie
ammonite zonal stratigraphy. This is particularly well illustrated by the
work of Bate (1967), who detected little difference in the ostracod feunas
throughout the Lincolnshire Limestone, Furthermore the ostracods did not
provide any conclusive correlations between the Lincolnshire Limestone and
Yorkshire Oolites (Bate, 1967) except to indicate that the Scerberough
Limestone was in no way equivalent to the Lincolnshire Limestone, a view
supported by ammonite work (see especially Parsons, 1977)., On reflection
therefore, the opinion of Bate (1967, p.134) that the relatively short
time-span involved in the deposition of the Lincolnshire Limestone did not
allow for significant evolutionary change in the ostracods may well apply to
the benthos in general.
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1.2.d.  Structure
The Lincolnshire Limestone, like much of the English Mesozoie,

is structurally simple. This was aptly summed up by Wilson (1948, p.86),
who wrote, "Structurally, Lincolnshire is devoid of large scale folding
and faulting; however, faulting on a small scale has affected the Middle
Jurassic rocks seeese "« Despite this, the structural movements appear to
have been important in controlling sedimentation duting the deposition of
the Lincolnshire Limestone and in the way they have subsequently modified
the formation's stratigraphical relationships. In this context three
structural featuwres appear particularly important:

(1) The Spital Anticline

(2) The Great Ponton Syncline (but see Chapter IV)

(3) The "Nocton Uplift" and essociated step fault system of east
Lincoln (see Evans, 1952, p.352).

In the Spital anticline region (Kent, 1966, p.6l) the Bathonian
Upper Estuarine Series can be seen to rest on "...eesan eroded remnant of
the uppermost Qpogsl horison, locally reaching the Kirton Cement Shale
beneath”, indicating the removal of much of the Upper Lincolnshire Limestone
during a pre-U.E.S. phase of uplift and erosion, Elsewhere these movements
have resulted in synclinal structures, such as that at Great Ponton in which
the highest Lincolnshire Limestone was thought to have been preserved. Thus
the potential stratigraphical relationships seen in different areas owes
something to the intra-Jurassic movements, despite their relatively minor
nature.

The Nocton Uplift, which is apparently related to, and possibly
controlled by deep-seated Palasozoiec structures (Swinnerton and Kent, 1976),
seems to have exerted some influence upon sedimentation during Lincolnshire
Limestone times. Swinnerton and Kent (1976, p.80) deseribed this area as a
region with ",....abnormally high figures seesss for both gravity and
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terrestrial magnetism .....", that indicated the presence of older and
denser rocks much closer to the surface than was to be expected, Seismic
surveys and borings later showed there to be a broad anticlinal fold in

the buried Palaeozoic rocks, so that the Carbonifercus Limestone surface

1s about %00 metres shallower over the "uplift" then it is in the basin on
the eastern and western sides. Except for the development of the surrounding
fault gzone, the structure superficially appears to be of little importance.
Even so, the "uplift" does appeer to act as a stable block, with the
Lincolnshire Limestone being horizontally bedded over its top, interrupting
the normal easterly dip of the strata (Swinnerton and Kent, 1976, p.8l).

It may, however, be of greater significance as a control on sedimentation.
The Lias is known to thin across it and the Crantham Formation is altogether
absent, the Lincolnshire Limestone resting on the Northampton Sand between
Coleby and Lincoln (Swinnerton and Kent, 1976, p.8l), This is admirably
shown in the Greetwell Hollow section where the Grantham Formation horizon
is occupied by a conglomerate of a few millimetres thickness. The
distribution chart of the facies variants within the Northampton Sand
produced by Evans (1952, fig.l), lends further support to the idea that this
structure may be acting as a "high" and controlling sedimentation rather
than being a remnant antieline from which certain horizons haeve been stripped.
This relationship between the Noecton Uplift and sedimentation is discussed
in the light of new evidence in Chapter V.

Apart from the features discussed above, Swinnerton and Kent (1976)
describe the general structwres of Lincolnshire and diseuss how they affect
the Lincolnshire Limestone outerop.

I1.2,e. Gonglusions

The Lincolnshire Limestone is characterised by having:

(1) Complex, rapid vertical and lateral facles changes.

(2) A fauna characterised by the scarcity of ammonites and the
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facies-related nature of the benthonic assemblages; both of which make
internal and external correlations very difficult.

(3) A relatively simple structure.

Despite the problems presented by the lithofacies and fauna, a
generalised stratigraphy has been developed for the formation, largely
through the work of Kent (see particularly 1940 and 1966) and Richardson
(see fig,42 in Sylvester-Aradley, 1968; and Kent, 1940, p.49) and it is
this which has been used as the basis for this research project.
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CHAPTER 1I1

Xels JNIRODUCTION
The lithostratigraphy presented in this thesis is primarily

based upon a study of the area between Lincoln and Woolfox Quarry

(SK 9511%6), near Stamford (Fig.2,1), Although this does not cover

the whole extent of the formation's outerop, the thickest and most
important development is encompassed. North of Lincoln few exposures
are seen and the stratigraphical relationships of the Limestone are
poerly known except around Kirton in Lindsey and Hibaldstow (Fig.2.l1),
where the middle and upper parts of the formation have long been exposed.
Recently a deeper excavation in the Kirton workings (SE 940024) revealed
the lowest subdivisions of the Limestone and its contact with the
underlying Grantham Formation. The details of this new exposure and

the stratigraphical amendments based upon it have already been reported
(Ashton, 1975). Their relationships to the broader stratigraphical
revision discussed here are shown in figure 2,2, The approach in both
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pleces of work has been very similar; the commoj aim being to establish
coherent, well-defined and formalised lithostratigraphic subdivisions
for the formation, The details of the new lithostratigraphy are
presented in Chapter IV, but the proposed nomenclature scheme is shown
in figure 2.2,

During the course of the lithostratigraphical work a number of
significant ammonite discoveries were made (Ashton, 1976), which
precipitated a complete revision of the ammonite faunas of the
Lincolnshire Limestone, The re-examination of all the known and
previously unrecorded finds and thelr localisation in terms of the new
lithostratigraphy provided evidence for a major biostratigrephical
revision of the Limestone. The results of this work, carried out with
Dr. C.Fs Parsons, are fully reported in Chapter III.

I1.2,a. Methods

In the unravelling of the stratigraphic relationships and carbon-
ate environments of the Lincolnshire Limestone both field and laboratory
techniques have been used, Essentially the work is based upon the
detailed logging of all the available sections in the study aree (Fig.2.,1);
bed by bed lithological deseriptions have been supported by palaece col-
ogical and sedimentological observations and the collection of represent-
ative faunas. In the laboratory, stained (see Dickson, 1965) and unstained
thin sections, acetate peels and polished blocks have all been used to
help qualify and supplement the field observations, Where relevant
quantitative techniques have been applied.
I1I.2.a.i.Modal snalysis: Representatives of the lithofacles of each



stratigraphic subdivision have been "point-counted" to quantify the
compositional make-up of the rocks and allow comparison with the
clas:ificatory scheme of Folk (1959). The technique and results of
this work are shown in appendices 1 and 2,
IT1.2.a¢ ii. ocurrent igs The prevailing current directions
in the different depositional environments have been determined in two
ways. The amount and direction of dip of the exposed foresets of cross-
bedded units have been measured (Appendix 3), These represent the
higher-energy depositional enviromments, However, in the low-energy
lagoonal setting of the Leadenham Member the attitude of the semi-
infaunal Pinna cuneata Phillips and to a lesser extent Pholadomyalirata
(J. Sowerby) and Pleuromya uniformis (J. Sowerby) have been used to
give some idea oi the current activity in this "quiet setting". The
technique and its results are presented in appendices 4 and 5 (see also
Section IV.4.g.)

In this way each lithostratigraphic unit has been characterised and
data made available for environmental interpretation,

II.2,be Limestone Terminology
The limestones comprising each unit have been described from two

viewpointss field and laboratory observations.

II.2.bs i, Field descriptions of lithologies: A generalised descript-
ive terminology has been adopted in which a calecirudite - calcarenite =
calcilutite nomenclature scheme is prefixed by the dominant grain type
@.8e O0id=calcarenite, However, where a limestone has two or more major
components occurring in approximal.ely equal quantities a multiple prefix
has been used. Generalised terms like peloid (McKee and Gutschick, 1969)
and ooid have been preferred because of the difficulty in determining

the exact nature of many grains in hand specimenj consequently,
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no particular mode of o:igin is implied by their use. The term ocoid,
as used here, refers to all spherical or ovoid allochems, which may
or may not be ooliths, It is not equivalent to the ooid of Bathurst
(1975), which is the "oolith" of this thesis.

II.2.bdi, Laboratory desoriptions of lithologies: Since a more
accurate assessment of the nature of the grain types (and matrix) can
be made in thin section, the allochems can be genetically grouped and
the classificatory scheme of Folk (1959 and 1962) adopted. However

the rigidly defined pellet category of his classification has been
modified here to incorporate all those"peloids", that cannot be resolved
into their original genetic grouping. Thus the "pelicategory used here
refers to lumps of micrite of unknown (or uncertain) origin as well as
genuine faecal pellets (W/ilson, 1975, p.12). Bearing this amendment in
mind, each lithology has bee;‘allocatod a simple allochen-matrix "Folke
type" name e.g. pelmicrite. However, where a second grain-type is of
importance a further adjectival prefix has been added e.g. intraclastic
oosparite., Similarly when a terrigenous grain-type or allochem such as
oncolite, that is not covered by Folk's main groupings, is abundant, it
has been given an adjectival prefix e.g. quartzose pelmicrite or
oncolitic biomicrite.

The impracticability of point-counting every slide examined means
that the terminology suggested above is, to some extent, based upon
subjective judgements, although the general quantitative guidelines of
Folk (1959, pe15) have been followed and supported by modal analyses of

representatives of the various lithologies.
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11,5,

11.5.a. Introduction
The Lincolnshire Limestone Formation, the major marine carbonate

unit within the Middle Jurassic of the East Midlands, occurs as a
lensoid mass of limestone sandwiched between the Upper Estuarine
Series and the Grantham Formation (Fig.l.2), although loeally it
rests directly upon the Northampton Sands (Fig.l.9). The Limestone
appears just north of Kettering and thickens rapidly to a maximum of
about 40 metres at Bothby Pagnell, near Grantham, before thinning
away irregularly to under 15 metres just south of the Humber Estuary
(Figels4), The formation is thought to persist into North Humberside
as the Cave Oolite, which wedges out on the southern flank of the
Market Weighton Structure (Pig.l.9).

Although typically scarce, the ammonites from the Lincolnshire
Limestone are sufficiently numerous and distinctive to indicate the
presence of disciteg and lagviusgula Zones of the Lower Bajoclan
(Chapter I1I), However, the highest beds (Creeton Member, see Fig.2.2),
which have not so far ylelded any ammonites, may represent a still
younger age.

The formation is compositionally pure, having little clastic or
other non-carbonate material present except in the Sproxton Member
(Fig.2.2) and the facies of northern Lincolnshire/South Humberside
(Kent, 1966; and Ashton, 1975). However, there is a wide range of
carbonate lithofacies present in what Arkell (1933, p.210) termed,

" Leses & general stratigraphical homogeneity" and rapid vertical and

lateral facies changes typify the Limestone., Despite this diversity,

a number of distinet lithostratigraphic subdivisions can be recognised
(Fig.2.2), Some, such as the Leadenham Member, have a very uniform



lithological make-up, whereas others, like the Sleaford Member, encompass
a diverse, yet genetically related, group of lithofacies. As in many
Jurassic formations, the recognisable subdivisions of the Limestone

are often quite thin; for example, the Lincoln Member barely exceeds

1 metre in some localities, although, in contrast, the Sleaford Member
is over 12 metres thick at Creeton (SK 999205; Fig.2.1).

As the formation is never seen completely exposed in a single
section, no obvious unit-stratotype exists for the Lincolnshire Limestone.
Begause of this and the lithological complexity of the unit, the stratoe
types of all the lower ranked subdivisions have been designated as the
composite-stratotype for the formetion (Hedberg, 1976, p.24). In this
scheme the base of the type section of the Sproxton Member and the top
of the stratotype of the Creeton Member become the basal and upper
boundary-stratotypes respectively of the formation (Fig.2.2).

11.3.b. Former Terminology

The stratigraphical terminalogy associated with the Lincolnshire
Limestone developed in two distinct phases; the pioneer work of the
middle to late 19th century, provided a name for the whole formation,
while the diverse terms applied to the internal subdivisions evolved
during the second period of intensive research,

Although the earliest workers (Brodie, 1853; and Morris, 1853) did
not coin a name for the formation, the terms Lincolnshire Limestone
(Sharp, 1873; Cross, 1875; Judd, 1875; Jukes-Browne, 1885 and 1910;
Ussher et al,, 1888; Ussher, 1890; and Woodward, 1894), Lincolnshire
Oolite Limestone (Judd, 1875) and Lincolnshire Oolite (Judd, 1875; and
Jukes-Browne, 1885) were introduced and widely used, However,
even at this pioneer stage the name Lincolnshire Limestone was
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" essee Lincolnshire Oolite Limestone now generally spoken of as the
Lincolnshire Limestone". All later workers from Arkell (19%%3) onwards
have followed Woodward (1894) and retained Lincolnshire Limestone as
the formation name.

There were few attempts at subdividing the formation, during this
early period, outside those of Ussher et al. (1888, p.44), Ussher (1890,
P.59) and Woodward (1894, p.174). Any parts of the Limestone that were
given individual names such as the Collyweston Slate (3rodie, 1855; Sharp,
1873; Judd, 1875; Jukes-Browne, 1885; and Woodward, 1894) were generally
of contemporary economic value, Occasionally quarrymen's terms were
incorporated into published sections (Sharp, 1873, p.257) but these
did not gain widespread acceptance or usage.

From the late 1930s onwards both the Geological Survey (Hollingworth
and Taylor, 1946a, 1946b and 1951; Taylor, 1948; Wilson, 1948; and Evans,
1952) and independent workers (Richardson and Kent, 1938; Muir-lWood,

1939 and 1952; Richardson, 1939a, 1979b and 1940; Kent, 1940, 1948 and
195%; Swinnerton and Kent, 1949; and Hallam, 1954) presented a profusion
of facts and ideas on the subdivision of the Lincolnshire Limestone.

The conflicting opinions generated by this concentrated, largely contemp-
oraneous and independently produced work resulted in a proliferation of
names for the various subdivisions, which were proposed for the formation
by different workers (Figs. 2.5 to 2,8), The resulting terminologies
vere often contradictory (see Chapter IV) and largely because of this
Kent (1966) proposed a standardised nomenclature scheme for the formation
(Pig.2.9). This has been adopted by most recent workers (Bate, 1967;
Barker and Torrens, 1971; Senior and Earland-Bennett, 1975; and Parsons,
1974b), although Sylvester-Bradley (1968) suggested a few minor amendments
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II.3.cs Reasons for the onment of the terminology proposed by Kent(1966
Despite the valuable contribution to the stratigraphy of the
Lincolnshire Limestone made by Kent (1966), it has been considered
necessary to revise his nomenclature scheme for the following reasons:
(1) The detailed work desoribed in Chapter IV shows that the
scheme presented by Kent (1966) is too generalised to represent the
lithostratigraphical subdivisions seen to exist in the Lincolnshire

Limestone. Consequent y a parallel revision of the terminology to denote

these new units is also required, especially as the new subdivisions do
not coincide with those proposed by Kent (1 66). The relationships
between the stratigraphies and terminologies proposed by Kent (1966)
and the present author are detailed in Chapter IV,

(2) The stratigraphy proposed by Kent (1966) is based upon a
nixture of litho- and biostratigraphical criteria, which is not cone-
sistent with the guidelines for formal stratizraphical nomenclature
(Hedberg, 1976)s This "mixed approach" is clearly seen in figure 2,9,
The majority of the terms used refer to lithological features such as
the Ancaster Freestone and the Collyweston Slate, but some seem to be
defined on their fossil content e.g. Crosei Beds, Nerinea Beds and are
therefore not consistent with the lithostiratigraphical approach adopted
inthis thesis.

II.3.de Pro d Te ol

II.3.d. i. A radical versus conservative approach to terminology:s A
largely conservative approach to terminology was adopted in the revision
of the lower Lincolnshire Limestone stratigraphy of South Humberside by
Ashton (1975, pe422), who explained that, " The new terminology proposed
was selected to minimise the introduction of new ferms and maintain



continuity of usage as far as possible". Such an approach seemed
particularly justified in this case because the existing stratigraphical
terminology was suitable for describing the relationships seen and the
isolation of the newly exposed section (except for the adjacent and
very similar Associated Portland Cement Company Quarry, SE943023) meant
that additional evidence, suggesting the need for wider revision, was

lacking, However, this kind of conservatism, where the existing terms

are retained and adapted for us in the "new" stratigraphy, is only valid

in cases where the retention does not result in further inprecision or

ambiguity and is in agreement with the guidelines proposed for formal
stratigraphical nomenclature (Hedberg, 1976). Only in the following

instances would such an approach seem to be acceptables

(1) when a term is so widely used and/or of such importance that
its removal would produce more confusion than any revision might give
clarification, e.g. the name Lincolnshire Limestone for the newly
proposed formation,

(2) when one is dealing with an isolated exposure where substan-
tiating evidence, for major stratigraphical revision, is lacking, The
solitary exposure in the lower part of the lower Lincolnshire Limestone
of South Humberside (Ashton, 1975) is a case in point.

(3) when a newly defined unit is, of almost is, stratigraphically
coincident with the old unit so that continued usage of the old term
would not cause undue confusionj and would seem preferable on the grounds
of familiarity of usage to the introduction of a new term e.g. the
retention of the Kirton Cementstones Member (Ashton, 1975).

In all other instances it would seem better to take a radical line



029

replacing the old terminology with completely new, unambiguous terms

80 that no confusion is caused by the adaption of old terms to signifi-
cantly redefined rock units. In the case of the Lincolnshire Limestone
the terminology proposed for the subdivisions has evolved from a

largely radical spproach because of the conflicting definition of the

old and new stratigraphical units. Only in South Humberside has the
pre-existing terminology been adapted and re-wed to any extent (Fig.2,10).
I1.3.d.11,
name selected for each rock unit has been based on the guidelines

suggested by Hedberg (1976, p.40, pt.F). In general, each lithostrati-
graphic unit takes its name from the nearest permanent settlement to the
quarry, in which the type section is exposed. Wherever this procedure is
thwarted by prior use of the most sultable name or the unsuitability of the
most obvious geographical name because of its association with earlier
stratigraphies, a related geographical name has been melected. For example,
the use of Kirton (from Kirton in Lindsey) by Ashton (19875) to title

the Kirton Cementstones Member, prevented its re-use to define the

"Kirton Shale" (Hedberg, 1976, p.4l, pt.F lb), although that unit's

type section was similarly close to Kirton in Lindsey, Consequently,
Lindsey was used to designate the Lindsey Shale Member (see Chapter IV),
I1.5.d.i11,.Chang:

Comparisons of Figs.2.2 and 2.9 reveal many changes in the terminology
proposed here from that selected by Kent (1968), However, the degree
of significance attributed to these changes is variable, There is, for
instance, no geological significance, outside that of formalising the
terminology, attached to the introduction of the term Lindsey Shale
Member to replace the Kirton Cement Shale, The replacement of Kirton
by Lindsey was necessitated by the prior use of Kirton by Ashton (1975).
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Both terms apply to exactly the same rock unit, However, for most of
the new lithostratigraphic unite (Fig. 2.2.) significant geological
re-alignments have been made and consequently the relationships between
the 0ld and new terminologies vary accordingly. These variations range
froms

(1) The introduction of a single name denoting a unit, which
groups a number of geographical variants, that have always been seen
to have some level of internal coherence e.ge. the Greetwell Member
encompasses part or whole of the Silver, Little Ponton and Nerinea
Beds of Kent (1966): to

(2) the introduction of a new name to describe a more finely
defined subdivision, which has been separated from the larger unit,
in which Kent (1966) included it. The divieion of the Cathedral Beds
from the Cementstones is an examples to

(3) the introduction of completely new terms to describe
previously unrecognised subdivisions, that constitute a marked departe
ure from the classificatory scheme suggested by Kent (1966). The
Lincoln Menmber is a particular case in point,

As the nomenclature merely mirrors the stratigraphy it is to be
expected that the major stratigraphical revision proposed here will have
accompanying major terminological changes. Both the stratigraphic and
nomenclature changes are discussed in Chapter IV,

II. 3.es The Division into an Upper and lower Lincolnshire Limestone
IT.3.e4 is Introduction Traditionally the Lincolnshire Limestone has
been divided into Upper and Lower sections (Woodward 1894 Richardson,

1939a and 19403 Kent, 1940, 1955, 1966, 1967 and 1970; Hollingworth and
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and Taylor, 1946a, 1946b and 1951; Tayler, 1946 and 196%; Evans, 1952;
Muir-Wood, 1952; Hallam, 1954; and Sylvester-Bradley, 1968), although
the exact definition of these units varled from author to author. For
example, Evans (1952) included the Crossi Beds in the Upper while Kent
(1940) assigned them to the Lower Lincolnshire Limestone.

In northern Lincolnshire and South Humberside the independent
terms Kirton Beds and Hibaldstow Beds have been used (Ussher et al,, 1888;
Ussher, 1890; Arkell, 1933; Richardson, 1940; Kent, 1940, 1948, 19535 and
1955; Wilson, 1948; and Swinnerton and Kent, 1976), although Kent (1955,
p.208) indicated that he, at least, regarded them as approximate equivalents
to the Upper/Lower divisions (but see also Kent, 1966, fig.l).

The dividing line between these subdivisions has been approximately
taken at the level of the Crossi Beds, which have been assigned variously
to the Lower (Richardson, 1939a and 1940; Kent, 1940; Taylor, 1946 and
1963; Hollingworth and Taylor, 1946a and 1951; and Muir<Wood, 1952) or
the Upper Lincolnshire Limestone (Evans, 1952; and Hallam, 1954) or
astride the subdivision (Kent, 1966; and Sylvester-Bradley, 1968), In
the north of the region the Crossi Beds have been unifermly placed
within the Kirton Beds (Richardson, 1940; Kent, 1940, 1948 and 1966;

Wilson, 1948; and Swinnerton and Kent, 1976).
I1.5.0.11.Th

The variation in the level of the Upper/lower junction, deseribed above,
appears to stem from the differing opinions on the position of the
disconformity that is supposed to separate the two subdivisions. Kent
(1966) believed that the main erosive level usually occurred immediately
above the Crossi Beds and was responsible for the erosive removal of

those beds at Ancaster (Fig.2.9). Evans (1952) thought the junction
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occurred below the Acanthogg}ril crossi Beds. Although these differences
of opinion appear to be partly due to the restricted arca discussed

by fvans (1952), it is diffioult to support either thesis in the light

of the work described in Chapter IV. The major erosive level in the
Limestone of central and southern Lincolnshire cccurs within the Upper

Lincolnshire Limestone, at the base of the Sleaford Member (Fig.2.2),

although further south it is probably the Creeton Member that is respons-
ible for the down cutting (see Chapter IV), This is essentially as
Richardson (see Kent, 1966, pp.62-3) suspected, although the scheme
proposed here also difiers from his ideas (ef. Muir-Wood, 1952, p.115
and Chapter IV), |

The level cavping the "Crossi Beds", is as Kent (1966, p.62) points
out, usually erosive, although only mildly so, with the tops of corals
being planed off (at wWoolfox Quarry, SK 9511%6). Elsewhere (Castle
Bytham, SK990180 and Scottlethorpe, TF046204) the top of the "Crossi Beds"
is gradational with the overlying unit, as is generally the case in
central Lincolnshire, where Lvans (1952) concluded that the erosive level
must be below the A,crossi Beds. where more major downcutting has been
postulated e.g. Ancaster, the present work has shown that it is not the
basal Upper Lincolnshire Limestone that is doing the eroding but the
Sleaford Member someway up the sequences Therefore not only have the
"Crossi Beds" been removed but also the lower parts of the Upper
Lincolnshire Limestone (Metheringham and Blankney Members, Fig. 242,)
A similar channelling also occurs at Great Fonton (Chapter IV), The
details of these new proposals are more fully discussed in Chapter

IV,

II.3.e.iii. The upper and lower Lincolnshire Limest a s

If the Upper/Lower Lincolnshire Limestone subdivisions are re-assessed



in terms of their depositional environments, the twofold division can
be rationalised. Using such an approach, the Creeton, Sleaford, Castle
Bytham, Metheringham and Blankney Members (Fig.2.2) can be grouped as
a'"high-energy" Upper unit, typified by "transported" faunas, sparite
cement and cross-bedding; the Lower division, encompassing the remaining
unite outlined in figure 2.2., is largely composed of "low-energyy micritic
limestones containing "in-situ" faunas. This scheme can be consistently
applied throughout Lincolnshire and South lumberside, However, as both
the Lower and Upper divisions contain a number ofmembers, yet are not
of formational status, they ca not be incorporated within the formalised
lithostratigraphy. It is therefore proposed to designate them as informal
subdivisionss the upper and lower Lincolnshire Limestone,

It might be argued that the retension of any informal subdivisions
is umnecessary when a formal terminology is proposed, as any part of

the formation ought to be easily referred to by the use of the appropriate

formal subdivision, However, in the case of the Lincolnshire Limestone
the upper and lower units (as re-defined here) represent useful colleective
terms for two broadly distinctive units within the formation, which have
valuable use in the description of the Limestone's more general strati-
graphical and environmental relationships,

II.3.e.iv. Conclusiong: The intrinsic value of the traditional twofold
division of the Lincolnshire Limestone has been largely lost in the
dispute over the stratigraphical position of the junction of the tweo
subdivisions, which were usually defined on the basis of a significant
(separating) disconformity. In the work described here, it has become

apparent that the major disconformity in the formation is really divorced

from the Upper/Lower Lincolns ire Limestone question and that a more
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consistent and coherent bipartite subdivision can be made on genetic
grounds, i.e. the contrast in the "energies" of the depositional
environments. The re-defined, "high-energy" upper and lower energy

lower subdivisions have been given informal status so that they can be
valuably used without unnecessarily complicating the formalised
lithostratigraphy (Fige 2.2) described in Chapter IV.

II.3.f. (Correlation

I1I.3.f, iJdntroduction; The correlation of and within the Lincolnshire
Limestone Formation has always been a problem because of the lack of
useful fossile and the complexity of the lithofacies, However, the
re-examination of the ammonite faunas (Cha.ptor III) has gone some

way towards alleviating the problem, although the proposed biostrati-
graphic correlations are rather broad, with several distinot lithofacies
occurring within each subdivision. Consequently a lithostratigraphic
approach to the internal subdivision of the formation is still necessary.

II.3.f, ii.pmmonite correlation: The biostratigraphical advances dis-

cussed in Chapter III show that, contrary to the opinion of Kent (1966)
and Senior and Larland-Jemmett (1973), the lower Lincolnshire Limestone

is of discites Zone age in its lower part only. The remainder, together
with a substantial part of the upper Lincolnshire Limestone, belongs

in the laeviuscula Zone. The highest unit (Creeton Member) has so far

not yielded any ammonites and may be of a still vounger age, Within

each biostratigraphical division a number of lithostratigraphical units
occur (7igs 2.2) and these have had to be correlated by lithological means.
IT.3.f.diidithostratigraphical correlation: Although the need for a
workable lithostratigraphy is apparent, its development is hampered by
almost as many difficulties as that of the biostratigraphy. The problems
inherent in earlier schemes (see especially Kent, 1940 and 1966 Hollingworth
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and Taylor, 1951; and Evans 1952) reflect the difficulties presented
by the " . ... bewilderingly rapid and frequent changes of facies sese"
of the Lincolnshire Limestone (Arkell, 1933,1.210), In an attempt to
overcome these difficulties a detailed bed by bed description of
each exposure was undertaken because few readily recognisable and trace=-
able units appeared to exist. From this detailed work a number of key
norigons (usually erosive) and lithological changes were recognised and
they provided the main lithostratigraphical framework. "Subsidiary"
1evola,‘of a more local nature usually, were also pinpointed and these
supplied a useful "check'" on the main correlations as well as further
subdividing the formation. In fact, wherever possible, sets of criteria
were used in preference to a single feature in order to eliminate over -
simplifications such as the matching of two hardgrounds, which were
independently located in the sedimentary sequence.

Of the major carelative levels recognised, the most important is
the base of the Lincoln Member (Fige 2.2}, which can be traced from
Woolfox Cuarry (K 9511363 Fige 2.1) northwards to Lincclns Although the
exact character of this level varies between southern and central Lincolne
shire (Chapter IV), its persistence enables these variations to be
recognised and the relationships to the diverse underlying facies eluci-
dated, Because of this distinctiveness and widespread occurrence, the
base of the Lincoln Member has been adopted as the datum line for the
correlation of all the lLincolnshire Limestone sequences: its subsequent
recognition as the probable dividing plane between the discites Zone and
ovalis Subzone ammonite faunas (Chapter III) has not only reinforced this
decision but suygested that it may also be a time plane, However, whether
or not it proves to be such does not detract from the base's importance
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as a correlative horigon for the lithostratigraphy of the Lincolnshire
Limestone,

II.3.fsive Conclusions: Despite t e improved understanding of the
correlative usefulness of the Lincolnshire Limestone ammonite faunas,

the smallest subdivisions of the formation are lithological and can

therefore only be defined and correlated upon sedimentological criteria.
In this respect a mumber of important horizons (especially the bases of
the Lincoln and Sleaford Members) and distinctive lithologies (the
Leadenham and Sproxton Members in particular), together with a wealth
of supporting data, have facilitated the development of a coherent
lithostratigraphical framework (Fige2.2). Although this lithostrati-
graphy appears to be closely related to the nascent biostratigraphy
(Chapters IIX and VI), it is hoped that future ammonite finds will
further refine the biostratigraphy and provide an independent, time-
related framework by which tie lithostratigraphic correlations can

be more fully Judged.

I1I.3.8, The Crosei Beds Froblem
II1.3.80is Introduction: From the time its importance was first

recognised (Kent, 1940, p.49), Acanthothiris orossi (Walker) has been

of unrivalled value to the internal correlation of the Lincolnshire
Limestone, Furthermore, the Crossi Beds, in which A, crossi principally
occurs, have become the main correlative subdivision within the formation
(Sylvester-Bradley, 1968, p.218). However, during the course of this
research, considerable doubt has been cast upon the viability of the
Crossi Beds as a coherent stratigraphical unit and the value of A,crossi
a8 a biostratigraphical marker, Therefore in the following sections

the reasons Jjustifying the replacement of the Crossi Beds by properly

defined, coherent lithostratigraphical units are outlined and the
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limitations of A, crossi, as a correlation fossil, discussed,
IT.3.g8.ii, [The Crossi Beds as _a stratigraphical umit: The limestones
containing A, crossi, which were formerly grouped within the Crossi
Beds,have been shown to occur in three discrete members of the new
lithostratigraphy (Fige. 2411 and see Chapter IV), indicating that no
congistent lithological relationship, that might favour their inclusion
in a single stratigraphical unit, actually exists: the former union of

the Crossi Beds has apparently been due solely to the presence of

A, crossi. However, the implication that the Crossi Beds have been
defined solely on palaeontological criteria is not wholly true because
other lithologies such as the shales of the Lindsey Shale lMember (formerly
Kirton Shale), which also contain abundant A, orossi have never been
included in the Crossi Bedsj therefore an element of lithological
diserimination has also been applied in establishing the units In

spite of this, the lack of coherence amongst the limestones of the

Crossl Beds is still coneidered too great an obstacle fﬁr their incorp-
oration into the new lithostratigraphy as a single unit.

Similarly any new, expanded "Crossi Beds" encompassingz all the
beds containing A, crossi could not be accepted either because not
only would such a unit be untenable in thie lithostratigzraphic scheme,
but the occurrence of A, crossi at various horizons outside the Lindsey
Shale = Crossi Beds level (Hollingworth and Taylor, 1951; and see section
IT.3.8.ii1) makes such a unit impracticables Thus the total abandonw
ment of the Crossi Beds appears to be justified.

Against this, however, it might be argued that the Crossi Beds
ought to be retained because of thelr historical importance and the
correlative usefulness of A, crossi. Certainly it is true that A, crossi
has been widely used in the past to correlate sequences within the
Lincolnshire Limestone (Kent, 1940 and 1966; Hollingworth and Taylor,
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apparent absence of other suitable criteria (Arkell, 1933, p.21l; and
Sylvester-Eradley, 1968, p.218) for on closer examination the correlative
value of A, crogsi is seen to be rather suspect.

IT.3.8.1iii. The biostratigraphical valve of thothiris erossi (Walker):
There can be little doubt that A, crossi was a sessile, benthonic
brachiopod (hudwick, 1965, p.614). On theoretical grounds therefore it
is likely to have been facies-related. In reality, however, CToss
occurs abundantly in both the oomicrites and biomicrites of the Crosei
Beds and in the shales of the Lindsey Chale Member, suggesting a toler-
ance for more than one substrate, although in all of these cases the
actual bottom conditions were probably not too different, being soft,
stable and not subject to strong current activity. The apparent inde-
pendence of substrate may not therefore be the case, especially as the

brachiopod has never been recorded from sediments reflecting higher

energy conditione or a noticeably different substrate (mobile colites
for example), even where such lithologies occur &% the Crossi Beds
level. Thus, although showing a certain amount of substrate-~tolerance
Ascrossi appears to have definite ecological limits, which are recoge
nisable in the sedimentary record and these probably affect (or contrel?)
its distribuvion in the Limestone,

Despite this, the abundant occurrence of A, crosei at approximately
the same stratigraphical level does sugiest a degree of time control on
the brachiopod's distribution. This would seem to be supported by the
belief that A, crossi occurs at a fairly uniform level above the North-
ampton Sand Ironstone in the Lincoln area (lHollingworth and Taylor, 1951,
Pel7; and Evans, 1952, p.329) provided that the Lincolnshire Limestone
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sedimentation rates were about equal across the region, Unfortunately
these suppositions are not without their problems:

(1) The Lincoln area, as defined by Evans (1952), was not
"instantaneously" submerged, for progressive overlapping of older
horizons can be demonstrated (Chapter IV),

(2) The understanding of the occurrence of A, crossi in the
Lincoln area, as outlined by Evans (1952, p.329) seems to differ from
that of Kent (1966) and the present author. In particular if one anal~
yses the thicknesses of the units below the Hibaldstow Beds at Greetwell
Quarry, Lincoln (TF 003721) presented by Kent (1940, pp. 50 and 55, and
1966, fig.2) and Evans (1952, fig.3) there appears to be a discrepancy -
between the relative position of the base of the Crossi Beds, as
defined by each author, (Fig. 2.12), even though the overall thickness
of the formation appears to be approximately the same., The present
author's work suggests that A,crossi occurs abundantly in the bed that
is considered to be the Crossi Bed of Kent (Fig. 2.13), although a single
specimen has also been found below that level at Greetwell, in beds
apparently included in the Beds by Evans (Fig. 2,13). In
neither case however do these occurrences coincide with the strati-
graphical level of the Crossi Beds in south Lincolnshire (Fig. 2.11),

It seems probable that at Greetwell (and in central Lincolnshire generally)
the Crossi Bed of Kent marks the local acme of A, crossi or at least the
lowest bed in which it ocours abundantly. In contrast Evans (1952)

seems to have drawn the base of his A, orossi Beds at the first signif-
icant lithological boundary below the abundant occurrence of the
brachiopod (= Crossi Bed of Kentj see Fig., 2,11), This base appears to

be coincident with the base of the Lincoln Member at Greetwell (Fig.2.13;



040

but not everywhere in central Lincolnshire - see Chapter IV), From
this it would appear that neither Crossi Beds unit is based upon the
first appearance of A.crossi, which, if the Greetwell locality is
typical, may well be so elusive as to be valueless.

Insouth Lincolnshire the Crossi Beds of Kent (1940 and 1966)
probebly also mark (or at least include) the local acme of A.crossi,
which therefore apparently occurs at different levels (and times?)
in the two areas (Fig. 2.11).

" As neither the first appearance nor the local acme of A, crossi
appears to be synchronous across the whole county, the braciiopod's
use as a datum line camnot be justified. Therefore the value of
A, crossi to biostratigraphical correlation has to be qualified, Within
each of the central and southern Lincolnshire regions the abundant
occurrence (local acme) of A, crosgi does appear to be at approx-
imately the same level and is therefore valvable as a generalised marker
in the field, Furthermore, these abundant occurrences at broadly similar
horizons, denote the middle of the formation, especially if the Lindsey
Shale Member is also considered because it is the lateral equivalent of
the beds containing A, orossi in south Lincolnshire (Fige. 2.11)s However,
A, crossi is by no means ubiquitous or especially abundant everywhere.
At Harmston it has not so far been found while it occurs very sparingly
at Ropsley, although in both cases the "Crossi Beds level" is obviously
present,

Therefore,although in detail the occurrence of A, crosei does not
seem to warrant its use as true time-related biostratigraphical datum
(implied by Kent, 1940, p.49), when divorced from the concept of the
Crossi Beds it can act as a useful marker horizon. Its importance

though has been diminished by the recognition of the easily traced base
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of the Lincoln Membcr and the refinement of the ammonite biostratigraphy.
IT1.3.8¢ iv. Conclusions: The main lines of evidence favouring the
abandonment of the Crossi Beds as a stratigraphical unit are:

(1) the limestones, which have formerly been included within the
Crossi Beds, do not form a lithologically coherent group but fall into
a number of the newly proposed lithostratigraphical units,

(2) the establishment of a Crossi Beds unit solely on the basis
of the occurrence of A, crossi is untenable in the lithostratigraphic
approach adopted here,

In addition the following points undermine the unqualified use of
A, crossi as a time-related biostratigraphical marker:

(1) it ocours at a number of distinct stratigraphical horizons

(2) its first appearance does not seem to be synchronous across
the whole county

(3) it apparently becomes abundant at different horizons in
different parts of the county.

Therefore it seems difficult to accept the first appearance or
the base of the probable acme of the brachiopod as a time-horizon,
although the general occurrence of A, crossi in large numbers does
coincide with the middle of the formation and in this way it is a useful
marker.,

II.3.he Discussion

The Lincolnsuire Limestone forms a coherent limestone formation
within the Middle Jurassic of Eastern England, Previous work has gone
some way: in determining its stratigraphical relationships but a largely
generalised approach has devalued much of this work, Few measured
sections, portraying the stratigraphical subdivisions proposed have
ever been published while little attempt has been made to elucidate the
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depositional environments present in the limestones. Consequently

a rather imprecise and often contradictory nomenclature/stratigraphy
has resulted, Furthermore the biostratigraphy has never really been
studied; prior to this work only one ammonite had ever been figured
(Barker and Torrens, 1971) and the rather piecemeal approach to the
subject had resulted in many erroneous identifications and inaccurate
stratigraphical conclusions, However, in the work described in the
following chapters an attempt has been made to revise the biostrati-
graphy and present a coherent, formalised lithostratigraphy for the
formation., The probable environments of deposition are also discussed

and a depositional history outlined.
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CEAPTER III
AMMONITE.

THE#EIOSTRATIGHAPHY OF THE LINCOLNSHIRE LIMESTONE FORMATION
III. 1. INTRODUCTION
Stratigraphic studies of the Lincolnshire Limestone have always

been hindered by the apparent dearth of ammonites in the formation, The
problems arising from this scarcity have been compounded by the imprecise
localisation and indifferent curation of many specimens, and the loss
and mis-identification of others (Fig. 3.1)s Consequently the rel-
ationship of the Lincolnshire Limestone to other Jurassic sequences
has remained poorly understood, Furthermore, no biostratigraphic sub-
division of the formation using ammonites has been considered possible
as the faunas were thought to be indicative of only a single zone, the
discites Zone (see Kent, 1966 for review of earlier finds; Ba ker and
Torrens, 1971; Senior and Earland-Bemnett, 1973; and Parsons,1974a for
the status of the discites Zone). However, Parsons (1974b) and Ashton

(1976) have recently challenged this view and suggested the possibility
of subdividing the Lincolnshire Limestone on the basis of the ammonite

faunas ..
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In this chapter the results of a thorough re-examinstionafall
the available records and ammonite materisl from the Lineolnshire
Limestone has been discussed, (This work forms part of a joint paper
with Dr, C,F, Parsons, whose revision of the ammonite systematics

contributed greatly to the conclusions forwarded here),

I11.2, AMMONITE RECORDS

11.2.a. lotredugtion.
The total known ammonite discoveries from the Lﬂnbolnsh!.m Lime~

stone Formation are shown in figures 5.1 and 3.2, Although they represent
a modest haul for over a century of research, the formation has had only
three periods of intensive study (the late 19th century, the 1930s-1940s,
and the late 1960s~1970s) during which most of these finds were made.

Figure 3.1le lists the discoveries that have been cited in the
literature. Although most of these specimens were poorly localised,
greater efforts have been made to locate accwrately the more recent finds
(Barker and Torrens, 1971; Senior and Larland-Bennett, 1978; and Ashtonm,
1976), However, some of these efforts were marred by a confused under-
standing of the formation's lithostratigraphy, resulting in the mis-
interpretation of the significance of the specimens involved (see
discussion by Ashton, 1876 of Senior and Zarland-Bennett, 1978).

The most recent discoveries and the previously uneited apeoiﬁu
present in private and museum collections are shown ;ﬁparatoly in
figure 3.2,
III.2.b. Regcords from the 19th Century: Only four of the specimens
collected in the last century have been located (Fig.3.1.); the others
have apparently been lost, Although firm evidence exists to cerrelate
three of the swrviving specimens with ammonites in the Institute of
Geological Scilences Museum (Fig.%,1.) the matching of the Ammopites
polvacanthus Vasgen from Little Bytham Quarry (TT 013178; see Fig.5.3.),



recorded by Judd(1875), is less certain, However, as the only
specimen known to have been collected from Little Bytham is the
Sonninia (Fuhoploceras) of. polymeantha (Waagen) (IGS GSM 25604) it
seems reasonable to assume that it is the ammonite referred to by
Judd (1875), especially as it was curated prior to 1890.

III.2.c. Records from the 19308-1940s

Although it has been possible to locate practically all of the
ammonite finds . collated by Kent and Baker (1938), in either the
British luseum, the Institute of Geological Sciences Museum or Lincoln
City and County lMuseum collections (Pig. 3.1), two specimens remain
problematical, Of these the Fontannesia sp. (Kent and Baker, 1938),
found during the excavat on of Spittlegate Hill Reservoir, Grantham
(Pigs 341 and Kent, 1966, p.67) does not appear to be present in any
collection and has apparently been lost. The only anmonite from the
Grantham area present in any museum collection is the Hyperlioceras sp.
(BMNH, €73373), which is labelled "Grantham, ex. Grantham Museum" (Fig,3.2),
However, it seems most unlikely that these are the same specimens as
their gross morphologies should be very different,

The second problem concerns the whereabouts of the three Hyperlioceras
aff, discites (/aggen) specimens (Fig. 3.1) recovered from Greetwell Quarry,
Lincoln (TF 0037213 and see Fig. 3+3)e The details and approximate time
of acquisition (1937) of specimens 355,37 and 355,37A in Lincoln Museum
tally well with the records of Kent and Baker (1938), but for some reason
the third specimen appears to have become isolated from this paire, However,
in the British Museum a Hyperlioceras spe (BMNH C38091) from Wragiy
Road Quarry, Lincoln (Fige 3.3; Wragby Road and Greetwell are essentially

the same pit) is recorded as belonging in the Kent Collection 1935, This
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maybe the third H, aff. discites specimen. The only other possible
contender is the Hyperlioceras sp. (IGS ZK7Tl), that was curated with
the other Kent and Baker (1938) specimens. However, unlike the original
record (Kent and Baker, 1938), a specific identification of this ammon-
ite cannot be made because of its poor preservation, suggesting that it
is less likely to be the third specimen.

In addition to the ammonites discussed by Kent and Baker (1938)
four more specimens were recovered during this period (Fige. 3.1 and 3.2).
The most important of these was a Sonninia spe (BMNH C39337) from Castle
Bytham quarry (5K 9901803 see Fig. 3.3), cited by Richardson (193%a).
At that time, this specimen was the only unequivocal discovery from
the Upper Lincolnshire Limestone (the "Bastard Freestone" of Richardson,
1939a, pe42; see also Fige 3¢4)
III. 2.d. jecords frou the late 1960s8-1970s

In addition to the most recent finds (Kent, 1970; Barker and
Torrens, 1971; Senior and karland-Bennett, 19733 and Ashton, 1976),
the records published in this period include discoveries made throughout
the 19508 (Kent, 1966, p«67), and although the majority of these ammonites

have been readily located in museums or private collections (see Fige3.l),
the Hyperlioceras spe recorded by Kent (19703 = the Hyperlioceras

rudidiscites cited by Senior and Zarland-Bennett, 1973) has not been

traced. Bearing in mind the mis-identifications of many of the previously
recorded hyperlioceratids (see Figs 3.1) it is unfortunate that such a
potentially valuable specimen has been lost, especially as it came from
the Upper Lincolnshire Limestone, where ammonites are particularly scarce.
During this period (1950 onwards) a number of other finds, not
recorded in the literature, were also made (Fige 3.2), including two
Sonninia spp. (BMNH C48800 and C48801), that are both registered as
coming from "10 feet above the base of the quarry (i.e, coral-bivalve
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bed)"at Castle Bytham, The "coral-bivalve bed" is presumably equivalent

to the crossi bed of Kent (in Sylvester-Bradley, 1968), that marks the

base of the main quarry floor, although lower levels can be seen in the

pit (Mige 3.4)s Certainly the crossi bed containrs abundant bivalves

and corals, Furthermore, the only other coral bed recorded at Castle

Bytham, the Castle Bytham Coral Bed (that forus part of the "Roads tone" 3

see Richardson, 1939a), is generally considered to occur some 3,8—>6,0 metres
above the main quarry floor (see Kent, in Sylvester-Bradley, 1968) and

is therefore unlikely to be tie bed referred to in the British Museum
register,

Wherever possible the ammonites recorded from the Lincolnshire
Limestone have been re-examined and in many cases re-identified (the
results of which are shown in Figs. 3,1 and 3.2), The significance of
these re-identifications are discussed in section III.5.

II1.3. PREVIOUS CORRELATIONS

The Inferior Oolite age of the Lincolnshire lLimestone Formation
was independently established on general faunal and stratigraphical
grounds by Sharp (1873) and Judd (1875) after Morris (1853) had incor-
rectly assigned it to the Great Oolite. During this pioneer period
ammonite zonal stratigraphy and taxonomy were only in their embryoniec
stage of development and consequently it is difficult to assess the
value of these earliest ammonite records (iig. 3.1)s However, in spite
of this it is interesting to note that many of the early workers (Sharp,
18733 Judd, 1875; Jukes-Browne,1885; and Woodward, 1894) agreed that
most of the Lincolnshire Limestone belonged in the Ammonites Murchisonae
Zone (As Sowerbyi Subsone), although some (in particular Sharp, 1873,p.285)
believed that higher zones were probably also represented.

With the later refinement of the ammonite biostratigraphy of the

Jurassic and the development of an internal lithostratigraphy for the



Lincolnshire Limestone (Richardson, 19%9a, 1939b, and 19403 Kent, 1940;
and Richardson and Kent, 1938), the stratigraphical position of the
more recent ammonite finds (Batters, 1933; Baker, 1934; and Kent and
Baker, 1938) became b tter understood and consequently the age of the
Lincolnshire Limestone more accurately known, The evidence available
at that time was summarised by Kent (1940, pe51)as, " .sseses the lower
half of the limestone belongs mainly to the discites zone (in the broadest
sense) - early Middle Inferior Oolite - while the slightly transgressive
upper beds presumably represent the later zones of the Middle Inferior
0olite, sessess" This essentially re-iterated the view expressed by
Buckman (1912, p.205) some years earlier and reflected the fact that, up
to that time, the majority of ammonite finds (Kent and Baker, 1938 and
see Fig,3,1) had come from the Lower Lincolnshire limestone,

Later Kent (1966) contributed an updated and expanded review of
the ammonite discoveries from the Lincolnshire Limestone. However, the
ammonite evidence discussed had,not greatly increased from that known ;n,
19403 in fact only two additional specimens were reported for the first
time - the "Hyperlioceras" sp. (BMNH C 47900) from the Upper Lincolnshire
Limestone at Castle Bytham and the He aff. discites Waagen (BMNH C 47901)
from the Cementstones (see Kent, 1966, fig. 1) at Greetwell Hollow Quarry,

Lincoln. The discovery of the H. aff. discites provided firm evidence

of a discites Subzone (sowerbyi Zone) age for the higher levels of the
Lower Lincolnshire Limestone. In addition the "Hyperlioceras" sp. was
also thought to signify a similar age (Spath in Kent, 1966, p.68) for
part of the Upper Lincolnshire Limestone. In the light of this fresh
evidence Kent (1966, p.68) now concluded, "This shows that not only most
of the Lower Lincolnshire Limestone falls within the discites Zone, but

also that an important part of the Upper part is of this date - a total



thickness of 60 feet or more".

The problem of the "humphriesianus - group" ammonite, first
recorded by Cross (1875) remained, and Kent (1966) suggested that it
might indicate the presence of a representative of the Scarborough
Limestone - a correlation denied by Bate (1967) on ostracod evidence.
Certainly there seems no clear reason why so much importance should
have b en attributed to the Ammonites humphriesianus record, for other
equally "unusual" finds apparently representing the higher Middle Inferior
Oolite levels were also recorded in the last century (Sharp, 18733
Woodward, 1894, p.51). It seems strange that these and similar records
should be ignored in later reviews (Kent, 1940 and 1966j Swinnerton
and Kent, 1976) while the equally dubious A, humphriesianus specimen
is given such elevated statuss It would seem far better to treat all
the 19th century discoveries, that have been lost, with equal sceptism.
Certainly at present there is nothing in the known ammonite evidence to
suggest so late an age for tie Lincolnshire Limestone.

More recently Senior and Earland-Bennett (1973) recorded a
"Hyperlloceras rudidiscites" specimen from the Upper Lincolnshire Limestone
(Fige 3.1), ayparently confirming the conclusions of Kent (1966) that
the lower part of the Upper Lincolnshire Limestone (approximately 5 metres
rather than 20 metres stated by Senior and Earland-Bennett, 1973, pe325)
was also of discites GSubzone age. However, the re-identificatien.by
Parsons (1974b) of the Sonninia spe (BMNH € 39337) as being closely
related to the Sonninia (Iissilobiceras) ovalis (Qu. emend. 5.B,) =
fissilobata (Waagen) group challenped this viewj Parsons (1974b) stated
that such species " .......are more characteristic of a higher horizon
than the discites Subzone of the "sowerbyi"Zone, that is the ovalis

Subzone" (of the laeviuscula Zone; see also Pa:sons, 1974a).



The specimen (BMNH C 39337) from the basal Upper Lincolnshire
Limestone at Castle Bytham was considered to represent a Subzone higher

than that indicated by the "H. rudidiscites" specimens of Senior and

Earland-Bennett (1973), although it came from a lower stratigraphical
level, This apparent corntradiction was partly resolved when the supposed
stratigraphic position (in the Upper Lincolnshire Limestone) of one of

the "H, rudidiscites" sﬁecimens (RCM 1969/279) wae shown to be inaccurate
(Ashton 1976; see also Fig. 3.1 for its re-identification), However, even

if the identification of the second lost "H, rudidiscites" was also

invalidated, the presence of anothar”ﬁxperlioceraa“sp. (BMNH 479003 see
Fig.3.1) from Castle Bytham Quarry at a level undoubtedly above that of
the Sonninia spe (BMNH C 39337) was discussed by Parsons (1974b) and
perpetuated this apparent contradiction of discites Zone faunas occur-
ring above ovalis Subzone (laeviuscula Zone) faunas.
II.4. LITHOSTRATIGRAPHICAL FRAMEJORK

In addition to revising the syvstematics of the ammonite fauna from
the Lincolnghire Limestone, the stratigraphic position of the specimens
has also been re-assessed in the light of the new lithostratigraphy,
which is detailed in Chapter IV. As this disagrees with earlier schemes
{see especially Kent, 1940 and 19663 and Richardson, see fig.42 in
Sylvester-Bradley, 1968) on a number of important points, it has been
considered necessary to assign the earlier ammonite finds to the new
gsubdivisions in order to assess beotter their biostratigraphic significance,
Wherever possible the allocation of an ammonite to a new lithostrati-
graphic unit (on the basis of ite original horizon of recovery) has been
independently tested by comparing the matrix of the specimen with the
lithologies present in that unit., Some specimens were too poorly local-

ised for precise re-allocation to be made, but in such cases a knowledge
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of the new lithostratigraphy of the locality in question allowed some
refinement of the horizon of recovery to be achieved,

It is imjortant to point out that this newly-proposed litho-
stratigraphy was developed before,and totally independently of, the
biostratigraphy discussed in the following sections,

II1.5. INTERNAL COHRBLATION OF THE LINCOLNSHIRE LIMESTONE

I1I.5.a Stratigraphical distribution of the ammonites

Althoug ' the horizon of discovery of many specimens remains unknown,
a re-assessment of the better localised ammonites, in terms of the new
lithostratigraphy, shows that at least five separate members have yielded
ammonites (Pige 3.4 and 3.5). The numerical bias in favour of the lower
Lincolnshire Limestone horizons is probably partly due to the depositional
environments, reflected by the facies of the different members, CGCenerally
speaking the older members of the formation represent quieter-water
"lagoonal” settings, while the two highest units (Sleaford and Creeton
Members) were probably deposited in a very "high-energy" barrier complex,
in which ammonites were unlikely to be preserved.,

IIT.5ea¢ 1. Greetwell lMember: The most famous and prolific source

of ammonites in the Lincolnshire Limestone has been the "Silver beds",
which have for many years been exposed in a series of workings on the
eastern outskirts of Lincoln (ltichardson, 1940, fig. 29; = beds 4/5 at
Greetwell Hollow, see Fige 3.4)s This horizon has yielded Hyperlioceras
(#) subsectum, He (H) cfe subdiscoideum, H. (H) aff, rudidiscites',
Darellia (D.) polita, and Sonninia (Luhoploceras) of .marginata, as
well as possibly the less well localised specimens, (Graphoceras
(ludwigella) aff. stigmosum and S.(L.) aff, parginata, Further south

the Graphoceras (ludwigella) from Sproxton and the S. (Z.)ef. densicostata
from Waltham probably represent the two lowest ammonite finds from the

Lincolnshire Limestone, excepting perhaps the Fontannesia recorded by
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Kent and Baker (1938, p. 169). However,as this ammonite has not been
found in any museum collection, it has not Leen possible to confirm its
identification, Although outside of the study area, the horizon at
Geddington, which has yielded a S.(E.) acanthodes may well be a lateral
equivalent of the Greetwell Member.
I1T.5.a. ii. Leadenham Member: The distinctive matrix of the ?Darellia
(?D.) cf.goela from Greetwell and S. (E.) acanthodes from Leadenham
indicates an association with this member, In addition the H. (H.)
subsectun from Kirton in Lindsey probably originated in the Kirtom
Cementstones Member (Ashton, 1975), which is laterally equivalent (in
part) to the Leadenham Member (see Section IV.4.h.).

Both this and the Greetwell Member fauna are indicative of a
discites Zone age.

III.5.a¢ iii. Lincoln Member: Wwhilst enly one specimen of Sonninia

(Fissilobiceras) aff, fissilobata has been collected in situ from the
lowest bed of the Lincoln Member at Leadenham (Ashton, in press), there

is good evidence to indicate that several other specimens of this taxon

have also come from the same horizon (Fig. 3.2). Related forms may also
have come from equivalent horizons at Ropsley and Greetham, although there
is no firm evidence to support this suggestion. In addition §. (E) ef.
dominans probably came from the Lincoln Member at Harmston (Ashton, 1976).
III.5.as ive Castle Member: This unit has yielded in situ
specimens of S, (F) ef, ovalis at Castle Bytham, whilst the Woolfox
specimen of S. (F) fissilobata is probably from a similar horizon,

Both this and the Lincoln Member fauna are indicative of a lower

laeviuscula Zone, ovalis Subzone age (Parsons, 1974a).



IIIs S5ea¢ ve Sleaford Members A single Shirbuirnia cf, fastigata

has been recorded from this unit at Castle Bytham. This is the highest
horizon known to have yielded ammonites in the Lincolnshire Limestone,
except for the "Hyperlioceras rudidiscites" from Clipsham (Senior and
Earland-Bennett, 1973) which has been inferred as coming from the

younger "Clipsham beds" ( = Creeton Member of this lithostratigraphy).
However considerable doubt exists about the identification of this ammonite
(which has been lost) because of the erroneous identification of many of
the other "Hyperlioceras" specimens (see Figs. 3.1 and 3,2),

Thalga.cf. fastigata is indicative of an upper laeviuscula Zone,
lzeviuscula Subzone age. -
III.5.be Internal Correlation

It now appears that, contrary to the opinions of Kent (1966, p.68)
and Senior and Earland-Bemnett (1973, pe325), the Lincolnshire Limestone
spans more than just the discites Zone. Since neither the lowest or
highest members have yet yielded ammonites the precise biostratigraphic
range of the formation remains uncertain, but the known ammonite faunas
span the discites Zone and the laeviuscula and ovalis Subzones of the
laeviuscula Zone (Lower Bajocian), Within the known distribution of
the ammonite faunas there are two horizons where the biostratigraphic
and lithostratigraphic boundaries appear to coincide, thus providing datum
levels of some importance for the internal division and correlation of
the formation., First, and most significant, the boundary between the
laeviuscula and discites Zones faunas appears to parallel the erosive
base of the Lincoln Member, which is readily traceable across Lincolnshire
(Chapter IV) and therefore a very important datum level for internal
correlation (Fige. 3.4 and Ashton, 1976). The significance of this
biostratigraphic divide has been clearly demonstrated at Leadenham, where
a number of Fissilobiceras specimens have come from the lowest bed of the

Lincoln Member, while discites Zone ammonites have been recovered from
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the underlying Leadenham Member, Secondly, the boundary between the
rocks of the ovalis and laeviuscula Subzones age appears to coincide
with the erosive base of the Sleaford Member, although further finds
are needed to support this tentative conclusion, However, as this litho-
stratigraphical level is also widely traceable (Chapter IV) it too may
prove to be a significant biostratigraphical/lithostratigraphical datum.
Thus, at present, the age of the Lincolnshire Limestone can be
sunnarised ass

1) fThe Greetwell and Leadenham Members are of discites Zone
age. As no ammonites have been recovered from the underlying Sproxton
Member (Fig. 2.2), it maybe older.

2) As ammonites indicative of the gvalis Subzone of the
laeviuscula Zone have been collected in situ from the Lincoln and
Castle Bytham Members, the intervening Scottlethorpe Member must also
be of this age. Furthermore the Lindsey Shale, Metheringham and Blankney
Members, lying above the Lincoln lMember and below the Sleaford Member,
are lateral equivalents of the Scottlethorpe and Castle Bytham Members,
it seems probable that these also belong in the ovalis Subzone

3) Although the occurrence of the single Shirbui:nia cf.
fastigata in the Sleaford Member at Castle Bytham indicates a laeviuscula
Subzone (laeviuscula Zone) age for the lowest part (at least) of the
unit, the need for supporting evidence is only too obvious.

4) The youngest subdivision of the Lincolnshire Limestone,
the Creeton Member, which is separated from the underlying units by an
erosive basq has so far failed to yield any ammonites at all; its age
therefore remains problematicals It may be younger still than the
laeviuscula Zone, as it includes the "Great Ponton Terebratula Beds",

which have been considered, on the basis of the brachiopods, to be



possibly of "Upper Inferior Oolite" age (Upper Bajocianj Kent, 1940,
Pe50 and 1966, p.68). However, the evidence for this is by no means
convincing (see Section IV,12.g.) and only the discovery of ammonites
will really solve the problem.
III. 6. CONCLUSIONS

Despite the poor localisation of many of the specimens collected
prior to this work, a thorough re-examination of all the ammonite
records, together with new discoveries, has led to a better understanding
of the age of the Lincolnshire Limestone, Furtihermore, it is now known
that the formation can be subdivided on the basis of its sparse ammonite
faunas and, as the major biostratigraphic divisions appear to coincide
with significant lithostratigraphic boundaries, important datum levels
exist, These not only aid internal correlation but help elucidate the

environmental history of the formation.
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CHAPTER IV
THE LITHOSTRAT. OF THE LINCOLNSH MESTONE FORMATIO

Iv.1 INTRODUCTIO

The lithostratigraphic reviszion of the Lincolnshire Limestone has
been based upon a detailed study of the formation between Lincoln and
Woolfox (SK 9511363 Fig. 2.1) and the subdivisions of the new (formale
ised) scheme have been defined according to the stratigraphic procedure,
advocated by Hedberg (1976). Essentially each unit has been fully
described (type section, lithofacies, fauna, occurrence) and related
to the stratigraphies of earlier workers, Although the lithostrati-
graphy was developed prior to, and totally independently of the
biostratigraphy, already discussed in Chapter III, the apparent close
agreement between the major bio- and certain lithostratigraphic bound-

aries is considered an independent support for the proposed lithostrati-
graphiec correlations, In particular the lithostratigraphic importance
attached to the base of the Lincoln Member (Fig.2.2) appears to have
been vindicated by the biostratigraphic work. However there is still
much future work to be done on the ammonite biostratigraphy of the
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Lincolnshire Limestone, The new lithostratigraphical subdivisions
of the Lincolnshire Limestone and their proposed correlations are
shown in figures 4.1 and 4.2 (see "back-pocket" of thesis).

Although this research has been primarily concerned with the
central and southern Lincolnshire regions, the isolated exposures
around Kirton in Lindsey and Hibaldstow of South Humberside (Fige2.l)
have also been examined. The Hibaldstow section (SE 973008) has been
tentatively assigned to the members typical of the upper Lincolnshire
Limestone of central Lincolnshire (Fig. 2.2) but the lower Lincolnshire
Limestone succession exposed around Kirton is somewhat dissimilar to
that further south and its stratigraphy has already been discussed
elsewhere (Ashton, 1975). However suggested correlations between the
South Humberside and Lincoln successions are shown in figure 2,2 and
the probable relationships of the various members have been discussed

in the relevant sections of this chapter.

Iv.2.  SPAOXTON MEMBER

IV.2.a. Introduction
The Sproxton Member, composed of 2 massive silty limestone and

overlying dark coloured clay, is fully exposed in three BO\\lth
Lincolnshire quarries, where the Lincolnshire Limestone rests directly
upon the Grantham Formation (Fig.4,3). These pits are at Sproxton
(SK 866253, the type section), Stainby (SK 910233) and Thistleton
(SK 903180). In addition a partially exposed sequence of the member
is thought to occur at Metheringham (TF 053616, see Fig. 2.1).
IV.2.b. Homer Teminology

The Sproxton Member in south Lincolnshire is thought to be
directly equivalent to the Blue Beds of Richardson (1939b, p.466, Beds
8 - 10 of fig.40), although no trace of the Collyweston Slate facies



is represented in any of the quarries examined (Bed 11 of Richardson,
1939b, fig.40 is probably the flaser bedding facies seen at the top

of the Grantham Formation). In addition the member corresponds closely
to the Blue Beds of Kent (1940 and 1966), Wilson (1948), and Swinnerton
and Kent (1976), although neither Kent (1940) nor wilson (1948) included
the clay bed in their units, The lowest part of the Sandy Limestone
Group of Hollingworth and Taylor (1951) is similarly believed to be
equivalent to the Sproxton Member, However, in this context it is impe
ortant to note that although the "Rag" and overlying clay of the
Ironstone Companies approximate to the Sproxton Member, Hollingworth
and Taylor (1951, p.18) erroneously compared the "Hag" to the Blue Bed
of Richardson (1939b, fig 40, Bed 10), which is in fact only a single
bed within the Blue Beds (Richardson, 1939b).

The relationship between the Blue Beds of Richardson (1939b) and
the Sproxton Member is only considered valid for the area between
Thistleton and Ancaster, The Blue Beds in the Lincoln district
(Richardson, 1940, fig.29) are not part of the Sproxton Member nor are
they even equivalent to the Blue Beds further south (Richardson, 1939b),
On the contrary, the "Lincoln Blue Beds" are thought to occur at a
completely different horizon, part of which comprises the Wragby Bed
of this lithostratigraphy. The Sproxton Member is not developed in the
vieinity of Lincoln, The evidence for this re-interpretation is dis-
cussed in section IV.2.g8.

As the correlation of the Blue Beds across Lincolnshire, by
Richardson, has generally been followed by others (Fent, 1940 and 1966;
and Wilson, 1948), the Lincoln area Blue Beds of these authors are simi-

larly not considered equivalent to the Sproxton Membex.
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Iv.2.c. cal Geo Lxten

The Sproxton Member extends from the southern end of the study
area northwards to Ancaster and is considered to correspond to the
Blue Bede of Richardson (1939b, p.466) in this region. Further north
its distribution is lese certain, although the member is thought to
persist northeastwards to Metheringham (Fig.4.1), where the lowest
exposed bed has close lithological similarities to the Sproxton
Member elsewhere.

Besides Metheringham, the only other central Lincolnshire sec-
tion exposing the base of the formation is u% Greetwell Hollow,
Lincoln (TF 003721). Here the basal bed, an oolite (Base Bed of
Richardson, 1940, £1g.29), is overlain by a silty limestone, which
forms part of the Blue Beds of Richardson (1940, fig.29). This
"Greetwell"silty limestone iz believed to correlate with a similar
bed, which is stratigraphically higher than the Sproxton lMember in
the Metheringham sequence (Fig.4.1); this higher silty liuestone
horizon is called the Wragby Bed in the lithostratigraphy proposed
here (Fig.2.2). Therefore the Sproxton lember does not appear to be
represented in the Lincoln areaj the Base Bed of Richardson (1940) is
probably a condensed equivalent of that part of the Greetwell Member
ocourring between the Wraghy Bed and Sproxton Member at Metheringham,
Further more the earlier correlation of the Lincoln and south Lincoln-
shire Blue Beds would appear to be invalidated.

Unlike the demonstrable northward attenuation of the Sproxton
Member, its distribution in other directions is poorly known because
of the lack of exposures and the lack of any significant thickness
variations. The member maintains a fairly constant thickness (a little
under 2 metres; see also Hollingworth and Taylor, 1951) throughout its
traceable extent, although Richardson (1939b, p.471) reported a thick-

ness of 3.5 metres (11 feet 6 inches) for the Blue Beds at Rudd's Quarry,
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Houghton Hill near Grantham. In isolation,though,this record is of
little value in elucidating any thickening trends,.

In south Lincolnshire the Sproxton Member is seen to rest upon
the Grantham Formation and in turn be overlain by the "Greetwell
Member (Fige4.1l). The actual contact between the Sproxton Member and
Grantham Formation is sometimes difficult to pinpoint in the field
because of the decalcification of the lowest Lincolnshire Limestone
(Taylor, 1963). However, from regional relationships, it is thought
to be erosive despite the absence of major erosive features in any of
the successions examined, In contrast the Sproxton Menber/Greetwell
Member contact is readily seen to be conformable in the south
Lincolnshire sequences, although northward both the Sproxton Member and
Grantham Formation are lost and the Greetwell Member sits directly
upon the Northampton Ironstone. The wider significance of this north-

ward truncation is discussed in Chapter V.

Iv.2.4. Field description of the lithologies

In south Lincolnshire the lithologies of the Sproxton Member,
reflecting the transition from the clastic Grantham Formation to the
carbonates of the Lincolnshire Limestone, correspond closely to those
described by Richardson (1939b, £ig.40) for the Blue Beds, Lssentially
the member is composed of two parts (Fig. 4.3)s

(1) a massive, silty or sandy limestone, the less consoli-
dated base of which weathers back usually to reveal an impressive array
of trace fossils on the base of the more indurated part of the bed (as at
Stainby, see Fige4.4). The bed is approximately 1.6 metres thick.

(2) an overlying clay bed.

IVe2.dei. Limestone Bed: At Sproxton the basal part of the limestone
is a buff-coloured, medium-grained sandy limestone (Lithology A) with
subsidiary ooids and bioclastic grains., This grades up into the more
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"typical" fine-grained, homogenous, blue/grey, silty limestone
(Lithology B; see Richardson, 1939b). The latter is very well sorted
containing mica flakes, quartz grains and skeletal fragments. Lithology
B passes up, via a "transitional bed", (Fig. 4.5) into a purer, well-
sorted, fine~grained limestone that is quite different in outward
appearance from the rocks below, It is a hard, smooth, creamy-grey,
silty peloidal calcarenite (Lithology C), containing epifaunal bivalves,
abundant worm tubes (identified as Serpula deplexa by Hichardson, 1939b)
and mica flakes, At Thistleton the worm tubes are common enough in
places for the rock to be a "serpulite", while the junction between

the "Blue Bed" and overlying creamy-grey limestone is crowded with abun-
dant hiszocorallium ese Zenker (see Fursich, 1974a).

Iv,2.d.ii. Clay Bed: The stiff, black, well-laminated clay, capping

the limestone, has shell rich layers (Richardson, 1939b, recorded a fauna
of S, deplexa, S, "tetragona" and Ostrea sp.) and lensoid limestone
beds included within it, This clay is a widely recognised level
(Hollingworth and Taylor, 1951, p.18) varying in thickness from about
80mn (author's own measurement at Thistleton) to approximately 0.6 metres
(Richardson, 1939b, pe466), but averaging 0.3 metres thick.

Although only the uprer part of the Sproxton Member is seen
(approximately 1.2 metres), some significant lithological variations
ocour at Metheringham, The lowest part of the section (0.7 metres)
exposes a typlcally "Blue Bed" - like hard, grey/blue, fine-grained
silty limestone, which weathers rusty brown. Mica and wood flakes,
clay lenses and abundant trace fossils are also present, evoking come
parisons with the Haventhorpe Member of South Humberside (Ashton, 1975).
Above this bed is a honey-yellow, well-sorted, medium-grained peloidal
calcarenite, containing abundant thick-shelled, disarticulated (convex

side uppermost) bivalves, Complex, often branching burrows penetrate
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down from its upper surface, which is capped by a hardground, which is
the lateral equivalent of the clay bed of south Lincolnshire.
Nozo'o

At Sproxton, the massive limestone forming the basal part of the
member shows a crudely gradational lithological sequence: a poorly-
washed, quartzose oosparite (Lithology, A; Fig.4.8) passes up through the
"typical" quartzose (dolomitiec) biomierite (Lithology, B; Fig.4.7) to a
quartzose biopelsparite (Lithology, C; Fig.4.8). The most significant
characters of these lithologles are shown 1In figure 4,9,

IV.2.e.i. Graing: The subeangular to sub-rounded detrital quartz grains
decrease in quantity and size from lithology A to C. This grain size
decrease is mirrored to some extent by the allochems, although the
ubiquitous skeletal fragments remain quite large throughout and impart

a bimedality to lithologles B and C. Bivalves, and to a lesser degree
gastropods, are the dominant bioclastic grains but foraminifera and
echinoderm fragments are also present. Preservation is variable, ranging
from completely unaltered in the case of caleitic farms like Pinna and
echinoderms, to almost completely mieritised grains., Originally aragonitie
skeletons have always been replaced, the resultant sparite pseudomorphs
sometimes having mierite envelopes. The peloids within Lithology C are
very regular in size and shape, suggesting that they may be faecal pellets,
Iv.2.e.41.Matrdx: Throughout all three lithologles, the grains are very
abundant and closely packed. However only in lithologies A and C is

there real evidence for a primary sparite cement, although C has many
mieritic areas, which may be the remnants of bioturbation., The matrix of
Lithology B 1s less easily determined; the grains are plentiful enough

for the rock to be grain supported but the matrix is composed of dia-
genetic ferroan dolomite microspar; this is particularly the case at
Metheringham and Stainby, No primary sparite is evident.
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IV.2.e.1ii Variations: At Metheringham Lithology C has little silt
but a wider range of skeletal grainsj Bryojoa and brachiopods occur in
addition to the ususl types., Hare oncolites are also present. Although
nominally a biopelsparite too, this rock contains less micritic matrix
than its Sproxton egquivalent and has a coarser, well differentiated
sparitic cement., The peloids are not faecal but appear to be micritised
grains of various types. They are larger (0.15 = 0.6 mm) and give the
rbok a coarser, more open-textured appearance,
Iv.2.f. Fauna

Although no detailed collecting was undertaken from this member
two faunal elements were especially conspicuous: serpulid worm tubes
and trace fossils., Serpulid worms are characteristically abundant,
forming a "serpulite" rock in placesj Thistlet n shows good examples
(see also Richardson, 1939b). Biological reworking of the sediment,
evident as bioturbation and discrete, usually horizontal burrows, is-
also rife, For example a wide varicty of essentially horizontal traces
are seen near the base of the member at Stainby (Fig. 4.4). Such
intense biological reworking together with the dense colonies of the
suspension feeding R, jeunese, at Thistleton, testify to the presence
of the nutrient-rich water and substrate in the Sproxton Member environe
ment, a situation that is not really surprising because at that time
the "Lincolnshire Limestone Sea" would have been reworking the organic-
rich sediments of the Grantham Formation, while further terrigenously
derived nutrients may have been supplied from the nearby hinterland.
IVe248e Discussion

It has already been suggested that the Sproxton Member is equiv-
alent to the Blue Beds of south Lincolnshire (Richardson, 1939b) but
not those of the Lincoln district (Richardson, 1940), which are thought
to be an independent and stratigraphically higher horizon, the Wragby
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Bed (Fige 4410)s This opinion contradicts the widely held belief of
earlier workers (see Sylvester-Bradley, 1968 for a review) that the
Blue Beds formed a single, homogenous unit at the base of the Lincoln-
shire Limest ne Formation. The proposed re-alignment of Hichardson's
"Blue Beds" has been based upon the relationship between the recently
deepened Metheringham sequence and those at Greetwell and in south
Lincolnshire (Fige4+10). The Greetwell and Metheringham sequences can

- be readily correlated by the almost identical beds 1GHQ B2 (arapmuﬁww
equivalent to the "Lincoln Blue Beds" of Richardson, 1940, fig.29), and
MQéZ, which form the Wragby Bed (Fig. 4.10). However, below the
Wragby Bed at Metheringham a second "Blue Bed" occurs that is lithol-
ogically similar to the Sproxton Member in south Lincolnshire, with
which it is grouped., Therefore at Metheringham the "Lincoln Blue Beds"
horizon ( = Wragby Bed) can be seen to be a separate, stratigraphically
higher level than the "south lincolnshire Blue Beds" ( = Sproxton Memberj
see Fig, 4.10); clear evidence that the "Blue Beds" are not a single
stratigraphical horizon.

This new correlation scheme highlights a number of other, previously
unrecognised stratigraphical relationships:

(1) the attenuation of the Sproxton Member ( = Blue Beds of
Richardson, 1939b) north of Metheringham. This is mirrored sedimentol-
ogically by the lateral passage of the clay bed, capping the Sproxton
Member in south Lincolnshire into a hardground at Metheringham and
the complete absence of the whole unit at Lincoln (Fig.4.10).

(2) the condensed nature of the lower part of the Lincolnshire
Limestone in the vicinity of Lincoln., The realisation that the "Lincoln
Blue Beds" (Richardson, 1940) occur within the Greetwell Member (as the
Wragby Bed) indicates that the Base Bed of Richardson (1940, p.249) can
no longer be considered as an additional bed, "..es.sepeculiar to this
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section [§iootwolljz...." but must be a condensed equivalent of that
part of the Greetwell Member occurring between the Wragby Bed and
Sproxton Member at Metheringham (Fig. 4.10). This means that the
Bajocian succession at Lincoln is even less well represented than
previously thought for some of the Lincolnshire Limestone is now known
to be missing as well as the Grantham Formation. The position of the
missing strata is marked by the basal conglomerate of the Lincolnshire
Limestone (Fig. 4.11).

(3) the overlapping of the Sproxton Member by the Greetwell Member,
which rests disconformably upon the Northampton Ironstone (Fige.4.10).
This relationship has been implied diagrammatically by both Richardson
(fige42 in Sylvester-Bradley, 1968) and Wilson (1948,fig.9), although
in their writings both followed the more traditional view of the "Blue
Beds" extending across Lincolnshire as the basal unit of the

Lincolnshire Limestone.

V.3 GREEIELL MEBIR

IV.3.as  Introduction
The lithological and thickness variations present in the Greetwell

Member polarise the unit into two distinet, geographically defined
regions (Fig.4.12):

(1) Central Lincolnshire (Lincoln - Grantham), where the relatively
thin (5 = 7 metres) sequences are composed of a mosaic of distinct litho=
facies (ooid-, peloidal and quartzose calcarenites).

(2) South Lincolnshire (Grantham - Stamford), where the much
thicker (11 - 12 metres) member can be subdivided, on the basis of recur-
ring lithological patterns, into district lithostratigraphical units,
which are widely traceable within that area (Fig. 2.2).
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In order to accurately define this variable member fully, the
following stratotypes have been adopted:

(1) Greetwell Hollow (uarry, Lincoln (TF 003721) as the type
section for the whole member (Fig.4.13). More specifically this exposes
the facies typical of the Central Lincolnshire region and also the
Wragby Bed, a formal subdivision of the Greetwell Member in central
Lincolnshire, This is the only quarry that reliably exposes the whole
of the member in central Lincolnshirej Metheringham (TF 0536163 see
Fige 441) is frequently flooded, concealing much of the lower part
of the member.

(2) sproxton quarry (SK 866253) as a hypostratotype (Hedberg,
1976, pe38, pteD2)s The typical facies of the South Lincolnshire
region are well seen in this sequence, which is the only section in
south Lincolnshire to expose an unbroken sequence through the whole
membexr (Fige 4e14)e

(3) Separate type sections for the individual informal sub-
divisions of the Greetwell Member present in south Lincolnshire,
because subdivisions are not always developed to their best advantage
at Sproxton,

IV.3.be  Former Terminology

Within a broad homogeneity, the Greetwell Member contains a wide
range of lithologies that have apparently been classified into a number
of different stratigraphical units by previous workers. Unfortunately
precise details of the stratigraphical and geographical limits of these
units, in terms of measured sections, are mostly lacking, and this
prevents direct comparison with the Greetwell Member, Lssentially the
Greetwell Member comprises most of the strata between the Blue Beds
and Crossi Beds of previous authors (Figs. 2.5 to 2.8) and is therefore

approximately equivalent to the unit variously termed Silver Beds,
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Little Ponton Beds or Nerinea Beds (Kent, 1966, fig.l). The detailed
relationships between the Greetwell Member and earlier stratigraphies
are discussed in later sections dealing with the individual subdivisions
of the member,

IVe3ees  Geographical and Geological Extent
The Greetwell Member can bc readily traced from Lincoln to Woolfox

(5K 951136) at the southern limit of the study avea (Fig.4.12). Along
this strike section the unit varies considerably in thickness (Fige4.l)
from a little under 5 metres at the type section(Creetwell) to over

T metres at Metheringham and to a maximum measured thickness of just
under 12 metres at Sproxton., This southerly increase in thickness can
only be accurately ‘monitored between Lincoln and Sproxton because further
south, complete sections through the member are absent, However, as
figure 4.1 indicates, near maximum thicknesses probably persist as far
south as Thistleton (SK 903180) before notable thinning oceurs again,
although even at Greetham (SK 933146), where it is only partially
exposed, the Greetwell Member is still over 9 metres thick,

The .cast-west changes in the Greetwell Member are less readily
determined, despite the cccurrence of the unit in quarries as far west
as Waltham on the wWolds (SK 815253) and as far east as Little Bytham
(TP 013178)s This is mainly due to the absence of complete sections
through the member in these "marginal" locations, However, the indi-
vidual subdivisions of the member suggest that the unit is thinning in
both directions relative to the "basinal-peak" around the Sproxtone
Stainby area (Fige 4415).

In common with its other features, the major stratigraphical
relationships of the Greetwell lMember vary between central and south
Lincolnshire. In south Lincolnshire the member invariably wo;rlin the

Sproxton Member. However in central Lincolnshire these straightforward
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relationships are lost and the following changes occurs

(1) the upper part of the Greetwell Member passes laterally
northwards into the Leadenham Member (Fig.2.2), which is thus sande
wiched between the Lincoln Member and the remainder of the Greetwell
FMember., This lateral facies change accounts for part of the difference
in thickness of the Greetwell lMember between central and south Lincoln-
shire,

(2) as the Sproxton Member becomes attentuated northward (¥ig.4.10)
the Greetwell Member overlaps onto the Grantham Formation and North-
anpton Sand Ironstone, the latter relationship being clearly seen at
Greetwell,

The variations of the individual subdivisions of the member are
discussed in later sections.

IV.3.,4, The Status of the Subdivisions of the Creetwell Member

The Greetwell Member has been completely subdivided into the
Market Overton, Thistleton, South Witham, Woolfox and Greetham Fossil
beds in south Lincolnshire, but has been left undivided in central
Lincolnshire except for the designation of the Wragby Bed, Of these
subdivisions only the Wragby Bed has been given formal status,

The Yragby Bed has been given formal status for two main reasons.

(1) It is lithologicelly distinet and distinguishable from the
other Creetwell Member beds and therefore complies with the require-
ments of formalised lithostratigraphical procedure (Hedberg, 1976).

(2) It is stratigraphically significant being one of the principal
lines of evidence on which the re-assessment of the strati_ raphical
relationshipe of the Blue Beds (Hichardeon, 1939b and 1940) and Base
Bed (itichardson, 1940) have been based (see section IV.2.g.).

In contrast, the subdivisions of the Greetwell lMember in South
Lincolnshire are considered unsuitable for designation as formalised

lithostratigraphic units because:
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(1) the recognition of the Woolfox, South Witham, Thistleton
and Market Overton beds and the delimitation of their boundaries have
primarily been based upon genetic considerations, which are unsuitable
- eriteria for the erection of a formalised lithostratigraphy (Hedberg, 1976,
pP.36, pt.C.8.d), The units are thought to represent regressive sedimentary
rhythms,

(2) with the definition of the Woolfox and South Witham beds, the
Greetham Fossil beds have been arbitrarily isolated from the remainder of
the member and given informal status, for they are not of sufficient litho-
logical coherence or stratigraphic importance to warrant designation as a
formalised unit.

IVQS...

The ecorrelation of the two different and geographically-isolated
developments of the Creetwell Member is not readily achieved because of the
lack of exposures in the crucial "transitional" zone (Ancaster-Grantham
district). Similarly o:é:ra failure prevents the lower Lincolnshire Lime-
stone sequences of South‘ ﬁﬁmboraido and Lincolnshire being easily linked.
However the available evidence permits some tentative correlations to be made.
Iv.5.e.i. Interns) Correlations: Although the recognition of the north-
ward attenuation of the Sproxton Member clarified the stratigraphical re-
lationships of the lowest Lincolnshire Iimestone (Fig.4.10), the internal
carrelation of the contrasting south and central Lincolnshire Greetwell
Member sequences is rather less clear. Despite the similarity of the litho-
facies types in the two areas, south Lincolnshire is characterised by re-
curring regressive rhythms (Chapter V), which have no equivalent further
north, However, the quartzose peloidal ealcarenite forming the wi'ngby Bed
is et the approximate stratigraphical level of the quartz-rich peloidal cal-
carenite capping the Thistleton beds (Fig.4.l). As quartz is scarce or
absent in the lower parts of the rhythms and in the remainder of the central
Lincolnshire Creetwell Member, this ai-ilu"ity may suggest a correlation.
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However, the Wragby Bed itself cannot be directly traced any further south
than leadenham (Fig.4.l) because the siltiness, which is its distinguishing
feature, has not been recognised at Ancaster (Railway Cutting exposure)
even though the "appropriate" level 1s exposed; therefore, although the
environmental factor (regression) that caused the parallel quartz enrichment
of the Wragby Bed and upper Thistleton beds may have been one and the

same, no direct stratigraphical evidence exists to link the two units,

In the only central Lincolnshire quarry (Metheringham) to expose the
Greetwell Member, between the lragby Bed and Sproxton Member, the limestones
show no particular kinship to those of the Thistleton or Market Overton
beds; in fact they are ooid-calcarenites, that are quite typieal of the
central region, Despite this, the similarity of the massive oolites above
the Wragby Bed at Metheringham to those of the South Wytham beds does
point to the approximate stratigraphical equivalence of the Wragby Bed

and top of the Thistleton beds, In addition, it lmplies that the
Thistleton and Market Overton beds are represented by the condensed
Greetwell Member sequence between the Wragby Bed and Sproxton Member at
Metheringham; a sequence that thins even further towards Lincoln, There-
fore the typical Thistleton and Market Overton beds development is "lost"
somewhere in the nonwexposed Ancaster - Crantham zone and although the

two units may be broadly equivalent to certain beds in eentral Lincoln-
shire their exact genetic relationship with those beds 1s unknown because
of this exposure failure, No transition between the south and central
Lincolnshire facies is seen.

Although the stratigraphical position of the leadenham Member
and Woolfox beds (Fig.2.2) suggests they are broad equivalents, little
direct tie-up is possible., However, the similarity of the hardground
(with under-lying burrowed bed) at Greetham (capping the South Witham beds)
and Ieadenham (capping the Greetwell Member, see Fig.4.l) provides one
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possible link, Unfortunately over 38 kilometres separates the localitiss
in question and the intervening sections frequently lack simlilar hard-
ground developments,.

However, this may be taking the implied correlations too
literally, The south Lincolnshire sedimentary rhythms are separated by
sharp erosive levels, which are thought to represent transgressive periods
induced by periodic "accelerated" subsidence (Chapter V): these events can
be widely traced across south Lincolnshire. Therefore the transgressive
event may have manifested itself as a hardground in these geographically
separated localities, which can therefore be correlated on genetic grounds
(1ike the Wragby Bed and Thistleton beds). If this is the case then it
is interesting to note that north of leadenham, where the region is thought
to have been gradually subsiding, there is a transitional contact between
the Greetwell and lLeadenham Members, but further south, between leadenham
and Ancaster, this contact is a hardground. From this it would appeer
that the Iesadenham -~ Ancaster area represents the only genetically related
transition seen between south and central Lincolnshire: the area has the
hardground, typical of the south Lincolnshire sequence, but the ILeadenham
Member facies of central Lincolnshire. In spite of this, the actual
Woolfox beds cannot be traced as far north as Ancaster, where the Greetwell
Member facies, which interfinger with the Ieadenham Member (Fig.4.l) are
more typical of the central Lincolnshire area. This again indicates that
the facies changeover within the Greetwell Member is in the "hidden" zone.

To summarise: although the hardground at the base of the
Ieadenham Member and the development of the Wragby Bed in central Lincoln-
shire may reflect similar lithological responses to events that are also
recorded in south Lincolnshire, the actual contact and exact relationship
between the lithofacies of the two areas are "hidden" because of exposure
failure in the Ancaster - Grantham district.
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IV.3.e.ii. Correlation with South Humberside: Until the

recent excavation of a new quarry (SE 940024) by the Manton Stone
Company, little of the Lincolnshire lLimestone occurring below the
Kirton Cementstones (Xent, 1966, fig.l) had been exposed north of
Lincoln. The new section revealed a continuous sequence through the
lower part of the formation and its contact with the underlying Gran-
tham Formation (Ashton, 1975). The probable stratigraphic relation-
ships between this section and the Lincolnshire Limestone further
south are shown in Figure 2.2., although the contrasting lithologies
of the two areas make direct comparison rather difficult. However,
the similarity between the thick oolite of the lower Santon Oolite
Memb .r and the basal bed (= Base bed of Richardson, 1940) of the
Greetwell lember at Lincoln suggests a correlation, which, if correct,
indicates the absence of any representative of the Basal Hydraulic
Lizestone Member at Lincoln (Pige 4.16). This southward attenuation
of the lowest Lincolnshire Limestone parallels the northward attenu-
ation of the Sproxton Member andmrovides additional evidence for the
lower part of the formation being "condensed" around Lincoln, Unforte-
unately the lack of exposures prevents an accurate documentation of
the southward thinning of the "northern basin" sediments but temporary
exposures, in the Spital region, have shown there to be beds lying
below the level of the BasalHydraulic Limestone liember {¢.F,Parsons,
personal communication; and see also Kent, 1970, p.137)s  The optimum
davelopmenf of the "northern basin" must have therefore lain between
Kirton and Lincoln (Fig. 4.16; see also Wilson, 1948, Fig.9).
Therefore during earliest Lincolnshire Limestone times the Lincoln
area appears to have been a positive area (7 mini-swell, see Chapter V),
flanked to the north and south by more rapidly subeiding basinal areas,
which also thimned away to the more widely recognised Market Weighton

and London Landmass positive areas (+ilson, i 48, fig.93 Kent, 1940
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and 1966; and Richardson in Sylvester-Bradley, 1968, fig.42). Exposure
failure prevents the detection of any link (westward or eastward) between
the northern and southern basins.

Returning to the known details of the gontrasting stratigraphies
et Lincoln and Kirton; if the proposed correlation of the oolites at the
base of the Greetwell Member (Lincoln) and at the top of the lower Santon
Oolite Member (Kirton) is correct, the Raventhorpe Member is at a similar
stratigraphic level to the Wragby Bed. Furthermore, despite some obvious
lithologieal differences, both units are typlcally "sandy", reflecting
the influx of terrigenously derived quartz into the Lincolnshire Limestone
sea, It is possible therefore that the two units may represent the same
event, with the Ravensthorpe Member passing southward into the thinner
Wragby Bed., If this is the case then:

(1) a source is provided for the Wragby Bed clastics and a
reason for the bed's southward disappearance; and

(2) the influence of the Lincoln mini-swell is already
waning,

The snvironmental aspects of the stratigraphic relationships,
suggested by these possible correlations, are more fully discussed in
Chapter V.
IV.3A.

IVesA.a. JIntroduction
The Greetwell Member of central Lincolnshire is composed of a

patternless mosaic of ooid= and peloidal calcarenites., The region
extends from Lincoln as far south as the Little Ponton <« Ropsley
district (Fig.4.12), where successions in the lower part of the Lincoln-
shire Limestone are particularly scarce; this hinders the understanding
of the relationship between the two areas, and prevents a firm
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boundary (if indeed one ever existed) being drawn between them.

In the transition zone the Greetwell Member sequences are included
within the central region if no sedimentary rhythms have been recog-
nised. This has been the case with Little Ponton and Ropsley, although
in both sections the member is poorly exposed and could possibly

have "rhythms" in its lower, unseen parts.

IV.3A. b, Former Terminology

The Greetwell Member of central Lincolnshire is specifically
equivalent to the Base Bed, Blue Beds and Silver Beds of 'Richardson
(1940) 3 the Blue Beds and Silver Beds (Kent, 1940 and 1966, fig,lj
and Wilson,1948) and the "Blue and Silver Beds" (Evans, 1952) in the
Lincoln district, bearing in mind that these divisions also include
the bed attributed to the Wragby Bed here. Further south, around
Ancaster and Grantham, the precise limits of earliexr stratigraphies
are not so easily determined but the Greetwell Member is most probe
ably equated with the Nerinea Beds (Richardson, 1939b; and Wilsonm,
1948); the Little Fonton Beds (Kent, 1940 and 1966, fig.l); and the
Oolites (Swinnerton and Kent, 1976).

The relatively straightforward relationship between past and
proposed terminologies in this region stems from the full develop-
ment of the "Cementstones" (of previous aut ors) as far south as
Ancaster, The base of this unit coincides with that of the Leadenham
Member and therefore the Greetwell Member correspands to those beds
between the "Cementstones" and the base of the formation {or Blue
Beds at Metheringham and further south), Only in the Ropsley - Little
Ponton region does this relationship not hold good because the "cement-
stones"” of this, more southerly area, belong in the stratigraphically
higher Ropsley Beds of the Lincoln Member (Fig. 4.17) and are in fact
equivalent to only the upper part of "Cementstones" further northj;
the "lower Cementstones", equivalent to the Leadenham Member are not

developed this far south., Consequently, in the Little Ponton - Ropsley
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district, the Greetwell Member ranges up to the base of the Lincoln
Member and includes the strata at the Leadenham Member level,
IV.3A.c. Field descriptions of the lithologies and fauna

Within the Greetwell Member of central Lincolnshire two main
lithofacies (ooid-calcarenites - Lithofacies Aj and peloidal calcaren-
ites « Lithofacies B) occur as a random mosaic, which contrasts sharpiy
with the recurring sedimentary sequences of south Lincolnshire,
IV 3A.ced, thofacies " enham Pacies": This is a honey-
yellow (but blue hearted), generally poorly-sorted ooid-calcarenite/
calecirudite facies, within which complex burrow systems form a striking
feature (Fig.4.18). Although "ooids" are the dominant constituent,
skeletal grains, wood flakes and peloids also occur. At Ropsley and
Dunston the rock assumes a crude bimodality with the ooids scattered
in a peloid-rich matrix, but for the most part the rocks show a com-
plete size gradation from peloid to coarsest ooid. Occasionally ooids
become so abundant that a grain-supported, sparite-cemented, oolite
results, The "clean" even-grained, moderately well-sorted oosparites
of Meth.ringham represent the end-member of this trend., More normally
the grains (despite forming a moderate to high percentage of the rock)
are not so closely packed and a largely micritic matrix is present.
However, the matrix is often difficult to determine in the field,

Complex burrow systems, which are excellently developed at
Leadenham (Fig. 4,18), form an integral and typical aspect of this
lithofacies., Although occuriing throughout certain beds, the burrows
are generally concentrated in the upper parts of the beds and are
preserved in any one of three ways:

(1) Open burrows - the most spectacular of the three modes of
preservation. Excellent examples are seen below the hardground

capping the Greetwell Member at Leadenham (Fig. 4.18).
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(2) Micrite infilled burrows - the most common preservation,
This represents the infill of abandoned burrows with "normal"
matrix, (Fig. 4. 19).

(3) 1Infilled with "friable", greeny "micrite" (very rare) =
possibly faecal pellet infill, deposited by the animal during its
habitation.

Fauna ~ fossils are reasonably common in these beds but some show
signs of post-mortem transportatizn wund may not, therefore, be
indigenous to the environment repfssented by this facies, However,

the presence of large, apparently ummoved, coral h-ads, some articulated
bivalves and abundant trace fossils indicate that the environment was,
at least during part of the time, favourable to colonisation,

The large, isolated colonial corasl "heads" (Fig. 4.20) fom a
prominent part of the benthos and the massive thamnasteroid-types,
containing ubiquitous "Lithophaga" sp. boranS, appears to be the most
common group, although branching, fasciculate colonies also occur.

The remainder of the benthos is dominated by "lNexrin ea" spp.,
Procerithium spp., bivalves, solitary corals, terebratulids and algal
tube colonies, These groups representa wide range of adaptive types:
epifaunal (corals, terebratulids and pectinid bivalves), infaunal
(ubiquitous burrow systems) and more mobile semi- infaunal (Nerin. ea"spp.)
life habits are all represented, suggesting a soft but stable substrate
with abundant available holdfasts (for epifauna). Both suspension and
deposit feacders are represented in the fauna,

IV.3A.0.44 facies o oln Faciea"™: 'This facies is composed
of compact, blue-hearted, fine-grainedpeloidal calcarenites, that
weather buff-yellow, Besides the abundant peloids, coids (often
outstanding as limonitic brown grains), wood flakes and rare fossil
fragments form a subsidiary group of allochems, that constitute only

a low percentage of the rock.
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Burrows are generally rare in this lithofacies, although
ocoasionally (at Leadenham for instance; Fig. 4.21), dense,complex
networks, like thoseof Lithofacies A, are seen penetrating down from
the top of a beds The random orientations of these burrows suggest
they are predominantly feeding rather than protective types,.

Fauna ~ despite the relative scarcity of skeletal grains in

the rock, actual fossils are often very common, In particular in the
"true" Silver Bed at the Dean and Chapter Pit, Lincoln (the bed used
to "face" Lincoln Cathedral) bedding surfaces are often covered with
"Nerin ea" spp., Pinna sp. and Gervillia sp.; a triumvirate also seen
at Greetwell, where the approximate parallel alignment of the long
axes of these fossils give the impression of current alignment (seen
on loose blocks)., It is interesting to note that despite its semi-
infaunal habit, Pinna sp. (almost invariably seen in life position in
the overlying Leadenham Member) is mostly seen "uprooted", lying
parallel to the bedding. This, together with the possible current
alignment, implies at least short periods of increased wave or current
activity took place. Certainly the well-preserved fauna of largely
whole (but disarticulated) valves denies the presence of currents
strong enough to transport the shells any distance and indicates a
generally quiet environment; a conclusion supported by the lithofacies
and in contrast to Lithofacies A, where poste-mortem breakage was much
nore evident,

In addition to the "typical" fauna, small gastropods, Lucina bellona

d'0Orbigny, Astarte minima Fhillips, Rhizocorallium jeunese Zenker,
Liostrea sp, Lopha sp.and a solitary coral "Montlivaltia" sp.nov.(?)

have also been recorded, and the important ammonite faunas, discussed

in Chapter III.
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The availability of food in suspension and in the sediment is
implied by the presence of Gervillia sp. and [inna sp., and
"Nerin ea" sppe respectively. However the less diverse, yet more
abundant fauna hints at a rather less predictable (shallowexr?)
environment than that represented by the "leadenham Facies",

Although the above description outlines the main features of
Lithofacies B, at Leadenham there is a unique occurrence of parallel
lamination, which is however similar to that found ubiquitously in
the peloidal calcarenites of the Greetwell Member of south Lincoln-
shire (see Subfacies C1 of the Thistleton beds, section IV.3D.d.iii
for example),

Despite the absence of any recognisable patterm in the relation-
ship of the two main lithofacies, there is a recurring lithological
sequence where the Greetwell Member passes up into the Leadenham
Menber., At most central Lincolnshire localities the more "typical"
Greetwell Member lithofacies grade up into a caleilutite, which often
stands out at the top of the unit as a thin, fine-grained, white
limestone., Grains are gencrally scarce and poorly sorted; the most
common are ooids, skeletal grains (gastropods, bivalves and algal
nodules) and peloids, Bioturbation and burrows are also evident.
This facies represents the transition from the Greetwell to lLeadenham
Membexr environmants and indicates their natural juxtaposition in this
area, However, further south (Leadenhém ~ Ancaster district) this
"transitional rock" is missing and a hardground is developed at that
levelj for example, at Leadenham (Fig. 4.22).

IV.JAed. Laboratory descriptions of the lithologies

The principal characters of the two main facies present in the

Greetwell Member of central Lincolnshire are shown in figures 4.23

(Lithofacies A) and 4.24 (Lithofacies B),
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IV.3A.dei. Lithofacies A: The "oo0id" lithofacies varies from
oncolitic wackestones (e.gs oncolitic biomicrite, Fige. 4.25) to
oolitic packstones (e.g. skeletal oosparite, Fig. 4.26). Some of

the variations are characterised in figure 4.23, Skeletal grains
tend to be more common in the oncolitic rocks but the peloids and
intraclasts have no particular pattern to their distribution, Silt

is present in the more micritic lithologies. No algal tubules have
been seen in the oncolites, which are recognised by their amorphous
and sometimes discordant growth rims of micrite,and their large size
(usually > 1 mm in diamcter)., The oncolites have a variety of "coroaéz
in the ones with an oolith nucleus, which are especially well devele
oped in RQ.B2 (Fig. 4.27), the boundary between the regularly concen=
trically laminated oolith and amorphous micrite rim is blurred,
presumably by algal borings in the original colith surface, It is
possible that the "rims" could be entirely attributed to algal borings
but this seems unlikely, for in the many associated, smaller ooliths
such rims are very rare and similarly in the few large ooliths (prac-
tically of the same sime as the oncolites) the concentric laminae
extend right up to the grain's margin. Also this "marginal" oncolite
type grades into more clearly distinguishable oncolites seen in the
other sections (fige 4425)s. The oolith-cored oncolites tend to be of
a regular size and circular cross-section, maintaining the original
shape of the oolith. As they usually occur in the packstones, this
nay be a result of more intense agitation, compared with the oncolites
of the wackestones, Other oncolites have skeletal cores, or composite
nuclei, composed of two or more ooliths and/or skeletal grainsj these
are more asymnetrically shaped, A fourth type, essentially amorphous
"micrite~lunps", are classified as oncolites, although their origin

is more uncertain, Their general nature and association with the other

oncolites suggests however that they may also be oncolites, Except
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for rare examples, the pale yellowish-green ooliths tend to be

smaller than the oncolites and to have fine, concentric laminae
coating the skeletal (predominantly bivalve fragments) or micritic
(micritised?) nuclei. Although the ooliths have a regularly rounded
outlihe, many are "superficial" in type and are not always spherical
(Fige4+426)s In the intermediate lithologies (between the oncolitic
wackestone and oolitic packstone end-members), the grains are bimodal
with a larger suite of oncolites and coarse skeletal grains and a
smaller suite of finer bioclasts and other small grains, which are

not always readily identified., For example, although the interstitial
allochems in LDCP B3 are nearly all ooliths (Fig. 4.28) those in RQ B2
are mostly classified as peloids; some however have hints of a remnant
concentric structure and may be micritised ooliths, Others are
possibly micritised skeletal fragments or even faecal pellets, Although
bivalves are the dominant bioclasts, gastropods, foraminifera, ostracods,
brachiopod and echinoderm fragments also occur, Iliicrite-envelopes are

common, especially around the bivalve sparite pseudomorphs, The matrix

of the various rock types varies with the grain content, the oncolite-
rich micritic lithologies tend to have few grain-supported areas with
patches of "original" sparite, while the closely-packed oolitic rocks
have little micrite.

IV.3A.d.ii  Lithofacies B: In contrast to A, Lithofacies B is com-
positionally quite uniformj a grain-supported biopelsparite, in which
the quantity of "other" grains is rarel; significant, However, the
actual nature of the biopelsparite itself varies, For instance at
Lincoln the rocks are bimodal with large skeletal fragments occurring
in a "matrix" of peloids and small skeletal grains, which are cemented
by primary sparite (Fige 4¢29). In contrast the rocks at Leadenham
14 B4o, see Fig. 4.30) are even-grained with only the subequally sized
peloids and bioclasts present, When other grains, notably oncolites



081

and ooliths, are present they invariably fomm part of the larger suite
of grains, The uncommon oncolites are large simple or composite,
asymnetrically rimmed grains, The mostly superficial ooliths tend

to be smaller, more regularly rounded and clearly distinguished by

their pale yellowish-green, concentric laminae, They have either
skeletal or micritic nuclei, Some of the abundant peloids have simi-
lar laminated rims, suggesting that they too maybe incipient ooliths,.
However the majority of the peloids are featureless, largely ovoid
"micrite-lumps", which are probably faecal pellets (because of their
size and shape). Rare =ilt grains also occur amongst the peloids.

The skeleval yrains are often verv ~lundant and large, Bivalves and
gastropod sparite pseudomorphs predominate but echinoderm fragments

and micritised foraminifera are also seen, The bioclasts occur "free"
or more often with micrite-envelopes (especially bivalves). Frequently
the bioclasts have syntaxial overgrowths and this is particularly notice-
able with the Pinna and echinoderm fragments. The matrix is predomin-
antly sparite cement, although it is quite "dirty" in places, Beneath
some of the convex-up bivalve fragrents a rather coarse sparite has

developed in the largely grainefree areas,

V.38,  MRAGEY BID

IV,3B.a Introduction
The relatively thin, sandy limestone forming the Wragby Bed is

seen at only three localities: Greetwell Hollow Guarry, Lincoln
(TF 003721), Metheringham (TF 053616) and Leadenham (SK 962523). Of
these, Creetwell was chosen as the type section because the bed has
its thickest (1.5 metres) and most "typical" development there,
within the stratotype of the Greetwell Member (I'ig. 4.31).
IV.3B.b Former Terminology

The Wragby Bed forms part of the Blue Beds of Richardson (1940,
fig. 29; see also Fig.4.32), that occur in the Lincoln area and is
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also equivalent (in part at least) to the Blue Beds of Kent (1940
and 1966, fig.l) , Wilson (1948), and Swinnerton and Kent (1976),
and to part of the Blue and Silver Beds of Evans (1952), It must
be noted however that the "Blue Beds" referred to here are those of

the Lincoln area only, the more southerly "Blue Beds" (Richardson,
1939b) occur at a completely different stratigraphical level, the
Sproxton Member horizon (Figs. 4.10 and 4.33),
IVe3Bece hical and Geolo Extent

As the Wragby Bed is seen in only three exposures its true
geographical limits are difficult to determine, However, it does not
appear to have been developed in south Lincolnshire, as it carmot be
traced south of Leadenham, despite the presence of the appropriate
stratigraphic level at the nearby Ancaster lailway Cutting (SK 997444;
but also see section IV.3.e.)
IV.3B.de [Field descriptions of the lithologies and fauna

At both Creetwell and Metheringham the Wragby Bed shows a distinct
sequence of lithologies:

(1) The base of the bed is an orangy-yellow, fine-grained sand,

which contains subsidiary mica., It is a generally friable, well-sorted
deposit, that grades up into the consolidated,

(2) fine-grained, quartzose peloidal calcarenite, containing a
few ocids and skeletal fragments, neither of which are quantitatively
significant.s Occasional clay-infilled burrows are seen, This lithol-
ogy passes up into,

(3) a bimodal ooid-peloidal calcarenite. The ooids increase in
abundance towards the top of the bed where they form a significant
amount of the rock, although even here they still "float" in the fine-
grained, quartzose=peloidal matrix, Skeletal grains remain rare but
diverse kinds of burrows are evident, particularly at the top of the



beds Their density indicates a significant pause in sedimentation
but no accompanying hardground development has been noted,

In contrast, the Wragby Bed at Leadenham lacks the sandy base
and ooid~calcarenite top, Instead it is composed entirely of yellow,
fine=-grained, well-sorted, quartzose peloidal calcarenite with subsid-
iary mica and skeletal ains; a very similar lithology to (2) above.
Ixcept for the burrows, fossils are scarece throughout the whole of the

wra@y Bed.

IV.3Bee. Laboratory descriptions of the lithologies
The principal characters of the two consolidated lithologies

(2 and 3) present in the Wragby Bed are outlined in figure 4.34.
IV.3B.esd Lithology 2: Within this quartzose pelsparite (Fige 4.35),
the amount of quartz decreases southwards from Lincoln to Leadenham

(Fige 4434), with a corresponding increase in the importance of peloids.
The size and ovoid shape of the peloids suggest that they are probably
faecal pellets, Bivalves, often with micrité-cnvelopes, are the
commonest bioclasts, although gastropods, foraminifera, and echinoderm
fragments are also seen, At Metheringham rare oncolites and micritised
ooliths, which are more typical of Lithology 3, occur at this level,
Although the rock is grain supported, the small size of the grainsresults
in the intergranular pore space being rather restricted and the very
fine~griined sparite is not always clearly discernible, Some micrite
also seems to be present, but it appears to be being allered to microspars
a process that is probably also responsible for the "diffuse margins®

of may of the peloids, The sparite is partly dolomitised at Lincoln.
IV.3bes..4 Lithol i The oncolitic biopelsparite (Fig.4.36) has

an increased number of larger grains present in a Lithology 2 = type
"groundmass". These larger grains are predominantly oncolites, picked
out by their discordant growth rims, rarer ooliths and an increased

number of skeletal grains, The peloids are much more ¥ariable in size
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and shape than in Lithology 2, and it is likely that they include
"micritised grains” as well as faecal pellets, There is also less
quartz present than in Lithology 2. The matrix is again very fine-
grained sparite with subsidiary micrites.
IV, 3C MARKET OVLRTON BEDS
IV, 3C.ae JIntroduction

The Market Overton beds constitute the lowest unit of the
Greetwell Member in south Lincolnshire, The type section (2.2 metres
thick) is exposed in Thistleton jJuarry (SK 9031803 Figs 4.12), where

the unit's most typical development of silty caleilutites and

calcarenites is easily accessible (Fige 4437)e

The name Market Overton was adopted for these beds because
Thistleton Quarry was formerly known as "Market Overton No, 6 Pit"
(Dre Joie Dickson, personal communication) during the period when it
was actively worked for iron ore by British Steels "Thistleton"
itself was unavailable, having already been used for the overlying
unit,

IV.3Cebe

The llarket Overton beds have not previously been recognised as a
separate unit, but have been variously included within the Nerineg
Beds (Richardson, 1939a? and 1939b), the Little Fonton Beds (Kent,1940),
the Oolites (Swinnerton and Kent, 1976), the Sandy Limestone Group

(Hollingworth and Taylor, 1951), and the Little Ponton Beds = Nerinea

(risolite) Beds (Kent, 1966, figel)s These units appear to include
much of what has here been assigned to the Greetwell Member,
IV.3Cece Geographical and Geological Lxtent

The Market Overton beds, occurring between the Thistleton beds
and Sproxton lMember (Fig, 2.2), are only seen at Thistleton, Stainby
(5K 910233), and Sproxton (SK 8662533 Fig. 4.12). Their lateral
relationships cannot therefore be accurately traced, although the
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me intainange of a uniform thickness (2.2 to 2.4 metres) in each of
these localities, suggests that the beds were probably widely developed

in south Lincolnshire.

Although in detail a number of lithologies are seen in the Market
Overton beds, there are two main lithofacies types:

(1) Lithofacles A - a sequence of silty calcilutites

(2) Iithofacies B = essentially a series of fine calearenites
rich in peloids and skeletal fragments, although verious other "minor"
lithology types make this something of a facles mosalc.

Lithofacies A consistently forms the lower part of the unit
(up to 1 metre in thickness) with the generally thicker (up to 1.6 metres)
Lithofacies B above.
IV.3C.d.i. Lithofacles A: This is essentially a sequence of soft,
grey/white, blue-hearted, silty calecilutites. Although appearing barren,
skeletal grains are the most abundant allochems in the beds, with sube
sidiary ooids (oncolites 7). Quartz grains, mica flakes and carbonaceous
matter are also present. The sparse allochems are unevenly distributed
throughout the rock, Occasional biloclastic lenses with scour bases also
occur and one forms the basal 20 - 30 millimetres of the type section,
The whole facles seems to have been heavily biotwrbated and discrete sube
horizontal burrows are also present.
Faupa: the facies is characterised by worm tubes, Tiny gastropods,
algal tube colonies (?), and rare disarticulated, epifaunal bivalves
(valves are whole) are also present in the beds, while large
Thalassinolides sp. networks are seen on the base of the unit, The largely
unbroken nature of the bivalves and worm tubes, together with the general
sediment type, suggest that the majority of the fauna has suffered little
post-mortem transportation (except for the bioclastic lenses).
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IV.3C.d. ii. thofacies B: The principal lithology present is a
yellow~buff fine-grained, peloidal calcarenite. In addition to the
dominant peloids, large skeletal grains (worm tubes, gastropods, bivalves),
uncemmon ooids, and wood also occur, either in clusters or randomly scat-
tered throughout the rock. The contrast in grain size between the
peloids anl other allochems imparts a crude bimodality to the rock. The
matrix is difficult to determine in the field, although the close packing
suggests a grain-supported rock with the possibility of a sparite cement,
Two significant sub-facies occur within this main litho-type:
Subfacies Bl: a laminated facies, This rock is generally parallel
and more rarely cross laminated with individuval laminae(mm scale) being
picked out by differential weathering and less often by "lines" of
skeletal debris, which form distinctive laminae, sometimes only one
grain thick (Pige.4.38). These laminae are more fully described in
section IV,.35C.e.
Subfacies B2: a facies of minor "scour-and-fill" and bioclastiec
lensoid beds. These are relatively coarse-gr:ined accumulations that
are impersistently represented within laminated (most commonly) and
unlaminated sequences of the peloidal calcarenites. They may be cut
through by later cross-laminated sequences (ig.4.38) or alternate with
sequences of finer, parallel laminations or micrite ("ig.4.39) or
sharply truncate earlier structures like burrows. In addition to the
bioclastic grains, ooids and intraclasts are also found in these "beds".
Fauna - The peloidal calcarenite of Lithofacies B maybe very fossilif-
erous, having particularly abundant "Nerin ea" spp. (as at Thistleton),
worm tubes ("serpulite"bands at Stainby) and much rarer Finna sp, which
are seen in life position at Sproxton. Burrows, of all possible orien-
tations are also abundant.

Guite distinet from, but occurring within, this peloidal calcarenite
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facies are oold-calcarenite levels, These are coarser grained, relatively
grain-poor and shelly, with "convex-up" epifaunal bivalves t e dominant
body fossil. Burrows, picked out as randomly orientated micrite streaks
also occur and give the rock the general appearance of Lithofacies A of

the Creetwell Member of central Lincolnshire,
IV.3Cee. Laboratory descriptions of lithologies

The chief petrographic features of the two main lithofacies are
shown in figures 4.40 and 4.41.
IV.3C.e. i. Lithofacies A: Although essentially a uniform facies,
composed of silty biomicrites with minor amounts of peloids, some minor
variations are seen: the quartz content increases sharply up the Thistleton
sequence (Fig. 4.40) from being a subsidiary constituent at the base to
the major grain type at the top. Accompanying this upward trend there
is a decrease in the amount of skeletal debris and its comminution., In
bed Ty BA 1 the bioclasts are characteristically highly fragmented and
rimmed with brown (oxidised) micrite-envelopes, whereas in TQ BA 3 they
are mostly "free", much la ~er but less diversej only bivalves, gastropods
and rarer echinoderm fragments occur. In both cases however the calcitie
skeletal grains have retained their original composition and structure
while the aragonitic ones have been altered; bivalves and gastropods for
example are seen as sparite pseudomorphs,
TQ BA 1: (Pigs 4.42) The diverse bioclasts of this bed are derived
from worm tubes, gastropods, echinoderms, foraminifera (micritised skele-
tons), bivalves, brachiopods, Bryojco and ostracods. The irregular shapes
and general appearance of the subsidiary peloids suggest that they are
more likely to be micritised skeletal grains than faecal pellets but
their origin is uncertain. Although scattered throughout the rock, the
8ilt and very fine sand is also concentrated in many of the discrete
burrows, which stand out as paler grey, silt and peloid rich patches in

the darker gre micritej the paler colour is due to the alteration of
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micrite to microspar. The burrow cross-sections never exceed 2mm in
diameter and microspriecte is discernible in some of the longitudinal
sections, As all orientations are seen in a single slice, the burrows
are probably feeding rather than protective types. In addition to these,
other similarly sized burrows occur packed with "rimmed" skeletal grains,
peloids and silt, all set in a mixed sparite/micrite matrix.

TQ BA 33 (Fig 4.43): This is essentially a silty micrite with some
skeletal fragments. The dominant quartz and accompanying white mica tend
tc be concentrated into silt rich layers, which alternate with silt-poor
levels both parallel the bedding. However, these are not evident
throughout the slice and even where present, bioturbation and burrowing
has disrupted their margins, This silty micrite appears to be the
dominant lithology elsewh:re (Sproxton and Stainby), although at Stainby
an intermediate lithology is seen in which a higher proportion of skeletal
grains and peloids are associated with abundant quartz. Bioturbation

is rife throughout all litho-types and there is a tendency for the
micritic matrix to be partially converted to microspar.

IV.3C.e. ii. Lithofacies B: Although Lithofacies B encompasses a

range of different lithologies, it is typified by a peloidal packstone
facies (Fig.4.41). However like Lithofacies A, minor variations are also
~seen in B. JFor example, at Thistleton, the "typical" facies, a pelsparite
(Fige4+44), has small numbers of bioclasts, intraclasts, ocoliths and
oncolites scattered within a peloid-rich matrix but at Sproxton (SNy BA2)
this incipient bimodality is more clearly developed; the peloids are, on
average, considerably smaller than those of the Thistleton rocks and

the skeletal grains also tend to be larger and more abundant (Fig.4.41).
(uartz is also more abundant in the Sproxton rock. The peloids are probe
ably a polygenetic group; some of the larger ones seen in TQ BA Sc appear
to be incipient ocoliths for they have rudimentary concentric laminae
coating skeletal or micritic nuclei, while other moderately sized (co.2mm)

compactly ovoid grains, seen at Sproxton, are undoubtedly faecal pellets,



089

However, th: origin o' the majority of the peloids, including the tiny
ones seen at Sproxton, is debatable. The skeletal grains are similar
in type and preservation to those o! Lithofacies A. Additional allo~
chem types, including superficial ooliths, oncolites and intraclasts
(silt rich micrite) are seen sparingly in TQ BA 5c.

The principal variation from the "typical" lithofacies, is towards a

more mioritic rock that is trinsitional between the standard A and B

types, Silty micrites, pelmicrites or biopelmicrites are characteristic
lithologies. The lowest subdivision of the beds forming the B facies

at Thistleton falls into this category and illustrates the trinsitional
nature of these variations. Compositionally these rocks do not vary a
great deal from A or 5, generally having more abundant allochems (like B)
set in a silty micrite matrix (typical of A). Texturally they are
wackestones, Together with the typical B facies they form the "back-
ground" sediment witiin which the subfacies, Bl and B2 occur.
Subfacies B 1: Despite the uniformity of the "background sediment®

of this lithofacies, the subfacies are extremely variable. For example
there are at least three different lithologies occurring in either parallel
or cross~laminated sequences:

(1) Alternmating peloidal laminae: peloid-rich, sparite-
cemented laminae alternate with micrite-rich, peloid-poor laminae, on an
exceedingly fine scalej each lamina usually being less than 1 mm. These
lanminae tend to be parallel, and occasionally a single row of fossils
highlights the lamination (¥ig. 4.38). Although clearly picked out by
differential weathering, neither the definition of the laminae nor their
contacts is clear in peels or thin sections (possibly as a result of the
fine scale and similarity of composition).

(2) Alternating peloidal and bioclastic laminae: these
are more easily picked out because of the compositional difference and

generally coarser scale of the laminae (up to 2 mm), which may be in either
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rarallel or cross-laminated series (Fig. 4.38). The molluscan and worm
tube fragments may dominate the bioclastic laminae or they may simply
augment th: peloid-rich, sparite-cemented laminae of type 1; in this
way types 1 and 2 inter-grade. The bivalve and ostracod valve frag-
ments are preferentially arranged convex-side uppermost,
(3) Alternating bioclastic and micritic laminaes at

Sproxton the white micritic laminae, with rare bioclasts, contrast
strongly with the reddish~brown bioclastic laminae, which occasionally
have eubsidiary peloids and ooids (Fig. 4.39). In addition to the
micritic laminae, which are as much as 3 mm thick (bioclastic laminae
are usually thinner), lensoid "micro-beds" of up to 1l0mm thickness are
seen. These tend to have irregular bases "infilling" bioclastic layers
and flat tops, suggesting a "settling-out" origin for the lime mud
(Fige 4439)s Both parallel and cross-laminated sequences of this type
occur.

Throughout this subfacies the cross-laminations and scours appear

to be multi-direction and all lamination types are prone to disruption

and even obliteration by bioturbation and burrowsj at Sproxton for
instance subvertical burrows of micrite cvt down through bioclastic
levels (Fig.4e39)e

Subfacies B2: 'The bioclastic "scour-and-fill" features are excellently
displayed at Sproxton, where the reddish brown bioclastic fine calcirud-
ites stand out as "scour runnels" in the yellowish peloidal limestones

Subsidiary ooids, in.raclasts and peloids occur but skeletal, largely

molluscan, funggments are the dominant allochems. Disarticulated valves
are preferentially aligned parallel to the bedding, giving a "lineated
appearance to the rock, which has an "open" texture and sparite cement,
Such "scour-and-fills" have been seen up to 35 mm deep and 200 -~ 300mm
wide, although more persistent beds of this composition also occur, Like
Subfacies Bl, these deposits are also prone to cross-cutting by latex,
usually sub-vertical burrows.



091

IV.3D. i N B
IV.3Dea. Introduction

The Thistleton beds' "typical" tripartite sequence of skeletal
ooid~ and peloidal calcarenites is most clearly developed within the
2.3 metres type section at Thistleton (SK 9031803 Fig.4.45).
IVe3Debe Former Terminology

The Thistleton beds have been previously included within the
Herines Beds (Richardson, 1939a ? and 1939b), the Little Ponton Beds
(Kent, 1940), the Oolites (Swinnerton and Kent, 1976), and the Little
Ponton Beds - Nerinea (risolite) Beds (Kent, 1966, fig, 1). However
their relationship to the stratigraphical scheme of Hollingworth and
paylor (1951) is less clear. At Thistleton, the Thistleton beds seem
to be of a suitable composition and stratigraphic level to be included
in the "Sandy Limestone Group" of Hollingworth and Taylor (1951, p.18).
However, at South witham (5K 917189), the beds occupy the same level
as the Pisolite Group” (I'ig. 4.46) which nominally overlies the "Sandy
Limestone Group" (opycit., ps18)s As the Thistleton beds are known
to occur at a fairly constant stratigraphic level (Fig.4.1l), the "Pisolite"
and "Sandy Limestone Groups" cannot just have the simple vertical relation-
ship implied by Hollingworth and Taylor (1951, p.18) and some doubt must
be cast upon the value of their particular stratigraphical scheme.
IV.3Dec0 0 shical Geological Extent

Little indication of the lateral relationships of the Thistleton
beds can be deduced within the unit's traceable limits (Greetham, SK 933146,
to Jaltham on the Wolds, SK 815253; see Fig. 4.1). Only the vertical
rel .tionships are seen (Fig.2.2); the Thistleton beds always truncate
the Market Overton buds and are in turm truncated by the South Witham
beds, The amount of erosion that has occurred in either case is difficult
to estimate, but the relatively consistent thicknesses maintained by the

units involved suggests that any downcutting must have been fairly uniform



over the region as a whole (excepting Creetham). Certainly the nature
of the contacts in the field favours the opinion that only slight
erosion of either the Market Overton or Thistleton beds has occurred.

At Greetham, however, erosive downcutting by the South Witham beds is
thought to be responsible for the Thistleton beds, thinning from 2.0 to
1.8 metres within the confines of the quarry (7ig.4.47). T .is accentu-
ates the general southward thinning of the beds from Sproxton (LK 866253)
where they are alwost 3 metres thick, and parallels the trend of the

formation as a whole (Kent, 1966, fig.2).

Iv.3D.d. 'ield descriptions of the lithologies and fauna
In the type section, the Thistleton beds are composed of 3 distinect

lithofacies (Fige4.45):

(3) Lithofacies C =~ Fine-grained, peloidal calcarenite (top).

(2) Lithofacies B - Medium~grained, ooid-calcarenite.

(1) Lithofacies A ~- Skeletal calcirudite with sharply

erosive base.

A similar sequence (A—> B—>C) occurs at Stainby (5K 910233) but at
Sproxton and Creetham Lithofacies A is not developed and a simpler
B—> C sequence is seen instead, although the unit maintains a similar
overall thickness (iige 4.1). In detail a "higher energy" subfacies (B 1)
of Lithofacies B replaces Lithofacies A, producing a Bl—> B2 —> C rhythm,.
Lithofacies C consistently cccurs at the top of both types of rhythm and
nowhere are the sequences seen reversed,
IVe3Ded. 4. Lithofacies A: this stands out strikingly from the quarry
face a8 a yellow, massive "lineated" rock quite unlike the other beds in
the section, In detail it is a buff-grey (when fresh), skeletal caleirud-
ite, principally composed of bivalves and gastropods "set" in a clear
sparite cement together with the subsidiary but very variable ooids.

Although poorly sorted, the preferred, "convex-up" orientation of the



abundant bivalves imparts the crude planar lineation to the rock
(Figed4e45)s At Thistleton this lineation is replaced near the top of
the bed by a very localised, crude, cross-bedding, which emphasises the
role of currents rather than catastrophic agents (e.g. storms) in the
deposition of this facies. The bed is not always a single, massive
unity at Stainby, for example, clay partinm are found within it, indic-
ating breaks in the "normal" sedimentation pattern.

IV.3D .d4.ii [Lithofacies B: At Thistleton thie is essentially a
vellow=-brown,grain-rich, ooid-calcarenite., Amongst the ooids the larger
ones are highly sphaerical and are probably true ooliths, while the
smaller grains are possibly peloids or incipient ooliths. Although not
especially common, the skeletal grains are large and, with the ooids,
form a closely packed, grain-supported rock, which is probably sparite-

cemented. Away from Thistleton this facies is usually divisible into
two subfacies Bl and B2 that maintain a constant relationship (Bl under-

lying B2) when found together in the same sequence.

Subfacies Bl: This is a grain-rich, coid-calcarenite composed of a
wide variety of ocoids, reloids, and skeletal grains, In places the
ooid/peloid mix gives the rock a crude bimodality, but generally there
is a complete gradation in grain-size. The uncommon skeletal fragments
are often large. The matrix is difficult to determine in the field but
may be sparite cement as the rock appears to be grain supported.
Subfacies B2: This is not widely dissimilar from Bl compositionally
but the allochems constitute a lower proportion of the B2 - rock and
nicrite is a more important corstituent of the matrix, In addition B2
is often extensively burrowed (grey, micritic atreakn); the form of the
burrows appearinz to be poorly developed examples of the "Lithofacies A
burrow system" of the central Lincolnshire Greetwell Member,
IV.3D.deiii Lithofacies C: This is a peloidal calcarenite lithofacies,

which has subsidiary ooids together with mica, wood flakes and abundant
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fossils, auwongst which the high-spired "Nerin ea" gastropods are very
evident, In places the "Nerin ea" appears to be preferentially aligned.
Bioturbation and burrowing are also rife. largely single, sub-vertical
burrows, often filled with greeny clay, occur and are reminiscent of

the burrows of the Santon Oolite Member of South Humberside (Ashton,1975).
Two environmentally significant subfacies are seen within this lithofaciess
Subfacies Cl: This most striking subfacies is composed of finely-laminated
fine-grained, well-sorted peloidal calcarenite (Fig.4.48). Outside of

the lamination, "Skolithos-type" single, vertical burrows form the only
other significant feature of the rock. Details of the laminae are given
in section IV.3D.e.

Subfacies C2: Coarse, skeletal ocoid-calcarenite bands occur inter-
spersed within the fine-gr.ined peloidal calcarenites. These are

analogous to the "bioclastic lensoid beds" of Subfacies B2 of the Market
Overton beds, although their composition is somewhat different.

In addition to these subfacies other minor lithologies complicate
Lithofacies C. Ii'or example, at Thistleton, an intraclast layer (equivalent
to the "round pebble conglomerates" of Braun and Friedman, 1969) composed
of peloidal calcarenite intraclasts, some of which contain fragments of
"Nerin ea", occurs within a peloidal-ooid matrix.

IV.3D.e. Laboratory description of the lithologies

The principal characteristics of the lithofacies that compose the
"type rhythm" of the Thistleton beds at Thistlet.on are shown in figure,
4449,

IV.?D.e. 1. Lithofacies A: This striking facies, typically an oolitiec
biosparite (#ig.4.50), is quite unlike most of the lower Lincolnshire
Limestone litho~types in being a grainstone, with a very coarsely crys-
talline sparite cement, Bivalves and brachiopods (some terebratulids)
are the predominant bioclasts, but echinoderm fragments are also seen.
Wwhether the original skeletal material is preserved (brichiopods and

echinoderms) or not (bivalves), the fragments mostly have micrite-



envelopes. The sphaerical to sub~ovoid ocoliths are bimodal but the

vast majority are small (0.2 to 0.6 mm), Most are either "normal"™

or "superficial" in type, with skeletal or micritic (micritised?) nuclei.
The third most common allochem group, intraclasts, are characteristically
large, crudely rounded and composite grains, often composed of oolitic
rock. Some may be oncolites as they have amorphous micrite rims,

Peloids occur sparingly; in the only patch, where they occur in any
quantity they appear to have coalesced, giving rise to a "pseudo-micritic"

matrix., Their size, shape (ovoid) and included "exotic" granules suggest
they are probably faecal pellets.

The rock as a whole is rather poorly sorted but the larger, elongate
bioclasts appecar to be preferentially aligned parallel to the bedding,
The coarsely to very coarsely crystalline (see Folk, 1962, p.74) blocking
sparite cement is "late", as it post-dates the compactional features.
No early acicular cements have been seen.
IV.3D.e. ii. Lithofacies B: At Thistleton this facies is represented
by a bimodal ocosparite (Fige4.51), in which peloids occur interstitally
between the dominani, larger, reasonably well-sorted ooliths., The typic-
ally pale yellowy=-green, near sphaerical ooliths are "normal" or super-
ficial in type, having either skeletal (often echinoderm fragments) or
micritic (micritised) nucleij; the latter are more common, Some of the
larger ooids are probably oncolites as the inner core of concentric
laminae (oolith) is replaced outwards by an amorphous micritic coat, wich
was probably accreted by algae; similar gr ins are seen in the Leadenham
Facies (Section IV.3A.dei.). Other grains, ccmpletely formed of amorphous
micrite, may be intraclasts; these are very rare., The small and irreg-
ularly shaped peloids are probably polygenetic (faecal pellets and micrit-
ised grains} Although not common, bivalve, gastropod and brachiopod frage

ments also occur, together with rare silt grains., Two distinct generations
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of sparite are present, a blocking type infills the pore space left by
the earlier acicular rim-cement,

Th: rock described above is from the type section and is typical
of the "ideal" Lithofacies B, However in those sections, where there
is no Lithofacies A, a subfacies of B (Bl) replaces it and the typical
B, retaining its usual position in the sequence, "becomes"™ Subfacies B 2,
Although compositionally very similar Bl and B2 are texturally distinct,
Bl being a gr.instone like A, whereas B2 is a packstone as already
described (see also Fige. 4449).

Subfacies Bl: This is a grain-rich rock in which ooliths are again
very dominant (oosparite; "ig. 4.52). Most appear to be "superficial"

with micritic nuclei but the larger ooids (range is O.1 to 0.8 mm) are
often completely micritised, making their true identity difficult to

determine, OSome have asymmetric outgrowths, which suggests that they

may be oncolites but most, from their sphaerical shape and size appear
more likely to be micritised ooliths., Lven larger (1.0 to 2,2um), more
irregularly shaped and composite gr.ins are probably intraclasts but these
are rare. similarly scarce bioclasts (0.5 to 4.4 mm) of bivalves, gastro-
pods and foraminifera occur, together with a few interstitial peloids.

As in the typical B facies, two cements are also present herej an early
acicular rim-cement and a later infilling blocky  typee.

Subfacies B2 Although the "standard" Lithofacies B is typical of this
subfacies, variations do occur, For example at Sproxton, a burrowed oolitic
biopelsparite (SNQ BB 3a) is developed at ihis level., The burrows of

this packstone stand ovut as micritic areas with included tiny silt and
comuinuted skeletal grains, Although nominally peloid-rich, many of the
polygenetic peloids (0.62 to O.3lmm) are probably micritised, incipient
ooliths. A number of nommal, superficial and composite ooliths also

occur, together with a variably sized (0.1 to 11,2 mm), diverse collection
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of skeletal graine and rare intraclasts, Bivalves and echinoderms are

the most common bioclasts but forams, gastropods and ostracods are also
present,

IV.3Dee,1id thofacies C: At Thistleton this facies is composition-
ally very unifomm; all the beds are skeletal pelsparites (Figs.4.49 and
4.53). The dominanc peloids, although fairly uniform in size are variable
in shape and "wholeness"j some appear to have been "broken" but are probe
ably micritised skeletal fragments, Other, more regularly-shaped peloids
may well be micritised incipient ocoliths or faecal pellets., The peloids
often hove diffuse edges, suggesting partial alteration to microspar,

The bioclasts tend t be bimodal; a larger suite of fragments (> 0.6 im),
composed almost exclusively of bivalve and gastropod sparite pseudomorphs
(with micrite-envelopes) contrasts with the peloid-sized fragments of
those two groups together with ostracods, foraminifera, brachiopods and
echinoderms, The rare ooliths are usually superficial in type with
micritic (occasionally skeletal) nuclei. 0dd silt grains and large,
irregularly-shaped allochems (intraclasts or oncolites?) make up the
remainder of the rock, which invariably has a mixed sparite-micrite matrix,
although some of the "micrite" has been formed by the coalescence of peloids,
This lithotype forms the "background sediment" within which the environe
mentally significant subfacies (Cl and C2) ocour,

Away from Tristleton the beds of this facies retain a remarkably
similar texture and composition, which is dominated by peloids, subsidiary
"bimodal" bioclasts and few other grains except for spasmodically abunde
ant silt., For example at Stainby and, to a lesser extent, at Greetham,
beds at this level and of this lithofacies are very rich in quarts,

Indeed the bed at Stainby is probably a calcareous siltstone. It also
shows quite clear evidence of being laminated (see Subfacies Cl).
Subfacies Cl: this typically shows very fine (sub-mm scale) parallel
and cmu; laminations, which are clearly picked out by differential
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weathering (Fige4.54). However, neither the laminae nor their contacts
are clearly distinguishable in thin section, where they usually appear
as alternating "dark" and "light" bands., The "light" laminae are composed
of slightly larger peloids set in a sparite cement (maximum thickness 2mm)

while the "darker" layers are more micritic with smaller, perhaps more
closely spaced peloids (maximum thickness lmm,). Similar light-dark

laminations are seen in the quartzose bcds of this level at Stainby.
Although the peloidal laminations are the most dominant type, bioclastic
and micritic laminae also occur, together with micritic "micro-beds",
which are as much as 10 mm thick. This subfacies is thus equivalent to
Subfacies Bl of the Market Overton beds., The laminations may be destroyed
by burrowing and bioturbation (Fige 4.55).

Subfacies ¢ "Storm layers", rich in ooids and bioclasts,and up to

15 mm thickness occur (Fig.4.56). Although they scour slightly in under-
lying deposits, they maintain fairly parallel tops and bottoms, These

too are often cut through by vertical burrows (Fige 4.57).

IV.3E. SQUTH WITHAM BEDS

IV.3E, as Intmgtion
The South Witham beds are characteristically composed of a sequence

of massive oolites that, in places, are capped by peloidal calcarenites,
The type section is at South witham Quarry (SK 917189; see Fig. 4.12).
where the thickest complete succession (4 metres) is seen (Fig. 4.58).
IV.3E. b  Fomer Temminology

The South Witham beds have previously been included within the
Nerinea Beds (Richardson, 1939a? and 1939b), the Little Ponton Beds
(Kent, 1940), the Oolites (Swinnerton and Kent, 1976), and the Little
Ponton Beds - Nerinea (Pisolite) Beds (Kent, 1966, fig.l). However,
their position within the stratigraphy proposed by Hollingworth and
Taylor (1951) is less clear cut. Figure 4.46 shows that in Thistleton
Quarry (SK 903180) the South Witham beds occur above the level of the
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"Sandy Limestone Group", making them equivalent to the "Pisolite Group"
of Hollingworth and Taylor (1951). However, the "Pisolite Group" has
been shown to be at different stratigraphic levels in different areas
(see section IV.3D.b); for example at South Witham the "Pisolite Group"
is at the same level as the Thistleton beds (Fig.4.46). This means that
at South Witham the South Witham beds are on a level with at least part
of the unit occurring above the "Pisolite Group" in the stratigraphic
succession of Hollingworth and Taylor (1951), the "unnamed beds con-
taining the Pholadomya Bed". This is supported by the similarity in
the faunas of the Pholadomya Bed and the Greetham Fossil beds, which
cap the South /itham beds (Fige 2.24)e
IV.35.0 Geographical and Geological Extent

Despite being easily traced around south lLincolnshire, the lateral
relationships of the South /itham beds are poorly known: a feature
shared with the other subdivisions of the Greetwell Member in this area.
The unit is thickly developed, as massive oolites, along the N - S axis
between Stainby (SK910233) and Greetham (SK 9331463 Fig. 4.12), but
thins rapidly westwards from Stainby (Fig.4.59) suggesting that it may
not persist far beyond its present western extent. In contrast there
is no marked thinning to the east or south and the South Witham beds
may well extend a good deal beyond the known limits in both directions,

The vertical relationships of the unit are relatively well knownj
the South Witham beds erosively rest upon the Thistleton beds and are
usually succeeded by the Woolfox bods with an erosive or "hardground”
contacte In fact the unit is typically "capped" by a hardground, which
at Greetham, in particular, and Thistleton, has a prominent fossil bed
(the Greetham Fossil beds) developed upon ite (Fige 4el)e

Unlike the older Tnistleton and Market Overton beds, the South
Witham bods do not maintain a fairly uniform thickness throughout south

Lincolnshi:ejy the thickness variations seen may be due tos
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(1) Original sedimentation differences - the unit is
thickest where the formation, as a whole, is thickest and/or

(2) differential downcutting by the Woolfox beds, as the
contrasting sequences at Stainsby and Sproxton (SK 886253) suggest
(Fig.4.1),
Iv,2E.d,

The South Witham beds are composed of two distinet but wvariable
lithofacles:

(1) Lithofacies A =~ Oold-peloidal calcarenite

(2) ILithofacles B - Fine-grained, peloidal ealecarenite
Iv.3E.d.4. Lithofagles A: This is essentially a massive bedded grain-
rich ooid-peloidal calcarenite., Abundant oolds and subsidiary bioclasts
ere set in a peloidwrich matrix, the nature of which is generally
difficult to determine in the field, The poorly-sorted rock mey be bimodal
or show a complete gradation in grain size. Burrows form an integrel
part of the facles. Although practically absent in the lower part of the
sequence, they become both more abundant up the succession and also at
the tops of the individual beds (South Witham Quarry).
Faupa: Although no detailed collecting has been undertaken, the following
body fossils have been recorded:s Pholadomys ovalis (7. Sowerby) in

1ife position; Modiolus imbricatus (J. Sowerby); Lima (Regalilima) oolitica
Lycett, articulated terebratulids, small, high-spired gastropeds and

solitary corals. Despite the occasional oceurrence of well preserved
forms like these, the beds do not appear very fossiliferous. Most forms
are fragmentary, indicating that the fauna, if not derived, has been moved
eround within its "native" environment. Only rarely do "in gitu" organe
isms like Pholadomys offer contradictory evidence,
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The major variant in this facies is a much better washed (clear,
sparite cement), grain-supported, ooid-calcarenite which forms the
lowest visible part of the sequence at Little Bytham (TF 013178; Fige4.60).
A similar lithology forms the base of the South Witham beds at Stainby.
IV.3E.d, ii. thofacies B: Although only thinly and spasmodically

represented, this is an important part of the South Witham beds, from

an envirommental aspecte It is analogous to Lithofacies B of the Market
Overton beds and Lithofacies C of the Thistleton beds, Issentially this
facies is a shelly, fine-grained, well-sorted, peloidal calcarenite., Rare
ooids are scattered throughout the rock while the bioclasts tend to occur
in lenses and clusters,
Faunas Although the presence of "Nerin ea" spp. typifies this facies,
Astarte divaricata (Cross), Pinno sp. and Gresslya sp. (both in life
position) have been recorded. The fauna is not especially common but
it is indigenous to the environment, in which t.ese rocks were deposited.
Within Lithofacies B there is a major subfacies (Bl) and a quantit-
atively minor, but environmentally significant subfacies (B2).
Subfacies Bl: This has a less widespread development than the "parent"
lithofacies and has only been seen at Stainby and Woolfox (SK 951136).
Effectively it is c:mposed of fine parallel laminations ( 1 to 2 mm scale),
the details of which are outlined in section IV,3E,es The laminations,
which are usually picked out by differential weathering, are often imper-
sistently developed and may be cut through by single, vertical "Skolithos"-
type burrows (Fige 4.61). The laminated levels may also be interbedded
with micritic "micro-beds" (centimetre scalej Fig. 4.62), which are simi-
larly penetrated by the vertical burrows (Fige4.63). Except for the
burrows (and bioclasts) this subfacies is devoid of fauna,
bfacie s Associated with the micritic micro-bed levels, are
rare micrite and peloidal limestone flakes, These white lithoclasts ocour

within the more yellow peloidal calcarenites of lLithofacies B at Stainby,
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With the South Witham beds, the massive oolites of Lithofacies
A usually pass up into Lithofacies B (South Witham, Woolfox, Sproxton and
Waltham on the Wolds, SK 815253; Fig.4.l). However some variations are
seen; for example at both Creetham and Stainby, Lithofacies B occurs
within Lithofacies A, but in each instance the sediment is of the normal
"B" type - nowhere do such intercalations show the characteristics of
Subfacies Bl or B2, Therefore an idealised sequence through the South
Witham beds may be considered as:

(3) Fine-grained, peloidal calcarenite showing parallel
laminations and related features (Subfacies Bl), This is the top of the
sequence,

(2) Medium to eoarse-grained, ooid-peloidal calearenite
showing abundant burrows (Lithofacies A).

(1) Medium- to coarse-grained, welle-washed, ooid-calcarenite,
with erosive base.

More often than not 1 is not developed, its place being taken by Litho-
facles A, which has a shelly base and is devoid of burrows when occupying
such a basal position., Similarly Subfacles Bl may be replaced by or occur
with Lithofacles B.

IV.2E.e.

The principal characters of the two main lithofacies are shown
in figure 4.64.
V.38 .e.i. Lithofacies A: This facles is primarily composed of
sparite-cemented ooliths and peloids, the relative proportions of which
vary quite substanbially (Fig.4.64). Subsidiary intraclasts, bioclasts
and rare oncolites may also oceuwr., Effectively the lithofacies ranges
from a peloid-rich end-member, e.g. skeletal oolitic pelsparite (Fig.4.65)
through an intermediate stage (Fig.4.668) to an oolitherich end-member,
e.g. peloidal oosparite (Fig.4.67). All the lithologies tend to be
bimodal; ooliths, intraclasts, oncolites and the larger bioclasts form
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the larger suiie of allochems, while peloids, and the smaller ooliths
and bioclasts comprise the "interstitial" groups

Allochems: The ooliths are of three types: normal, superficial and
composites, The former two are mostly sphaerical to ovoid in shape,

with either skeletal or micrite (micritised?) nuclei, Micritisation
has affected the larger ooliths to va;'_,.'ing degrees and it is only in

the smaller ones that the internal structure is clearly seen, In

SWQ BCla a few asymmetric ooliths occur., The composite ooliths, which
are the rarest type, tend to be larger (0.5 to l.4mm), usually incorp=
orating two or more ooliths within an oolitic coating. Occasicnally
two ooliths are "cemented" together by an intervening area of micrite

to form "grapestones", but most intraclasts are rounded, uncoated
composite grains, which tend to be commoner in the more oolitic lithol=-
ogies. Both ooliths and intraclaste may have partial, asymmetric
oncolitic outgrowths of amorphous micrite and these, together with the
micritisation, make the actual "pigeon-holing" of some allochems difficult,
The interstitial peloids are invariably small and probably polygenetic;
the preponderance of regularly shaped ovoids of the 0,062 to 0,2 mm size
range suggests that many may be faecal pellets, although others are more
likely to be micritised grains or parts of grains, Bivalves, preserved
as sparite pseudomorphs with micrite-envelopes, are invariably the dome
inant skeletal sroup but echinoderm fragments (mostly spines) are also

present, The bioclasts are always "bimodal" and in some cases can be

very large (8.3mm),

Matrixs The matrix is principally sparite, which in TQ BCla appears
to have been crystallised in two phases, a spasmodic, poorly-developed
acicular rim-cement pre-dating on infilling blocky sparite. No
similar development has been seen in any other slice, The uneven grain
distribution results in some "grainstone" patches, but usually where
there is a greater quantity of interstitial allochems there is more

abundant micrite.
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IV.3E.eeii  Lithofacies B: This lithofacies, composed of skeletal
pelsparites, (Figs. 4.64 and 4.68), is very similar to those capping

the Market Overton (Lithofacies B) and Thistleton beds' (Lithofacies C)
raythms, The rocks are well sorted with only a few larger grains scate-
tered randomly within the dominant finer grained peloids and bioclasts
Larger skeletal grains (mostly bivalves), oncolites and to a lesser
extent intraclasts constitute the larger suite of allochems, The
dominant peloids, although usually circular to ovoid in outline, vary

in shape, reflecting their different origins; both faecal pellets and
micritised grains (some incipient ooliths) are probably represented.
Bivalves are the commonest bioclasts but echinoderm fragments, ostracods,
foraminifem and gastropods are also seen, The oncolites, rimmed with
amorphous micrite, are rare but conspicuous because of their sizej
skeletal fragments, partially micritised ooliths and "micrite-lumps"

all act as cores, Harer large intraclasts, silt grade quartz grains and
asymmetric ooliths are occasionally presents Although predominantly sparite
the matrix contains some micrite, which in places, occurs in concentrated
discrete masses, a result of bioturbation,

Subfacies Bl: This subfacies shows most of the features typical of
analogous subfacies in the Market Overton and Thistleton beds, Parallel
and inclined laminations of various compositions are the principal feature
although these maybe cut through by vertical or subvertical, sometimes
branching ,burrows (l'i.g.4.61), or completely obliterated by bioturbatioz; |
(Fige4469)s The main lamination types are:

(1) Alternations of peloidal limestone, which although
clearly picked out by differential weathering, are not readily seen in
peels, The only real compositional difference apprears to be in micrite
content, although occasionally bioclasts occur preferentially in alter-
nate laminae., Usually these laminations are only 1 mm thick but they

can be 2 mm,
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(2) Alternating yellowish peloidal/bioclastic and white
micritic laminae are readily distinguished on both weathered surfaces
(Fige 4469) and in peels (Fig. 4.70). The micritic laminae, of 043 to
3 mm thickness, contain few allochems, occasional bioclasts are seen and
in some cases the micrite is riddled with tiny sparitic spheres (diameter
0404 to 041 mm), which might be the remmants of algae or other organic
matters In contrast the peloidal, sparite-cemented laminae, containing
bioclasts of bivalves, echinoderms and ostracods, some of which are
coated, are grain supported, with little original micrite in the matrix;
these range from 0,3 to 2,5 mm in thickness, although most laminae of
both compositions tend to be closer to 1 mm thickness, A little minox
scouring sometimes occurs at the base of the peloidal laminae but other-
wise the contacts are ill-defined., The bioclasts are usually preferen-
tially aligned parallel to the bedding even where they occur in the more
micritic laminae,

In addition to the various laminations, white micritic "micro-beds"
up to 20 mm thick also occur, Bioturbation sometimes mixes the micrite
with the underlying peloidal levels (Fig. 4.63). At Woolfox one such
bed shows very faint lamination in that impersistent rows of brown peloids
mark the white rock. These micritic beds are also cut through by vertical
burrows,.

Subfacies B2s At Stainby rare white peloidal and micritic limestone
flakes occur, which are 6 - 12 mm long and approximately 1 mm thick.
It is possible that they are dessication flakes derived from the lamine

ations of like-composition seen at this level, although no supporting

evidence has been found anywhere else in this unit.

IV.3F. GREETHAM FOSSIL BEDS

IV.3F. ae Introduction.
The Greetham Fossil beds form a thin lensoidal unit, which is only

seen in three quarries (Greetham, SK 933146; Thistleton SK 903180; and
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South Witham, SK 917189) in south Lincolnshire, Greetham was chosen as
the type section because it is the thickest (0,76 metres) and most easily
defined sequence. The two typlecal lithofacies of the unit, a fossilif-
erous calcilutite and a burrowed ooid-calcarenite, are seen there,

IV.3F.b, Former Terminology

The Greetham Fossil beds probably corresvond to the Pholadomya
Bed of Hollingworth and Taylor (1951) as the stratigraphical position
(Fige 4.46) and faunal composition of the two units are very similar,

It is important to note here that Kent (1966, p.65) mis-interpreted
the position of the Pholadomyg Bed believing it to ocour "..seessat the

top of the Cementstones", This cannot be the casej; the etrata included

within the Cementstones of Kent (1066) and considered similar to the
Kirton Cementstones by Hollingworth and Taylor (1951, p.18) cccur between
the ‘holadomya Bed and Crossi Beds in south Lincolnshire (Fige4.46),
This indicates that the rholadomya Bed is present at the base rather
than the top of the Cementstones (Kent, 1966, fig.l)s The Greetham
Fossil beds are therefore more correctly associated with the Little
Ponton - Nerinea (Pisolite) Beds than the Cementstones of Kent (1966).

Elsewhere the Greetham 'ossil beds have been apparently included
within the Nerinea Beds (Richardson, 1939a? and 1939b), the Little
Ponton Beds (Kent, 1940), and the Oolites (Swinnerton and Kent, 1976).
IV.3F.c. Geographical and Geological fxtent.

At Greetham and Tnistleton the Greetham Fossil beds rest upon
the hardground, capping the South Witham beds, However at South
Witham no hardground exists at that level, although extensive burrowing
in the top of the South Witham beds indicates a period of reduced, if
not arrested, sedimentation. The upper contact of the fossil beds is
less well known because it is only clearly seen at Creetham, where the
Woolfox beds cut sharply into the Ffossil beds, almost completely

removing them in the south-eastern corner of the quarry (Fige4.47).
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The rather limited geographical occwrrence of the Greetham
Foseil beds may therefore be attributed tos

(1) 1later erosive removal by the Woolfox beds (Fig.4.47), or

(2) non-development due to the absence of a prolonged break
in sedimentation for the development of a hardground and/or colonisation
by a prolific fauna.

The Greetham Fossil beds may exist outside of the study area,
for Hollingworth and Taylor (1951) recorded the Fholadomya Bed in the
Exton distriet (SK 925113) south of Greetham. Even in this area though
the fossil beds are sometimes absent (e.g. at Woolfox, SK 9511363 because
of erosion ?) indieating that this extended southerly development is by no
means widespread.

IV.5F.d.  Degeription of the lithologies

The thin Greetham Fossil beds have two distinet lithologies,
which have a sharply transitional contact:

Iv.3F.d.1. Lithology A (lower): This is a white, highly fossiliferous
caleilutite (biopelmicrite), which contains rare ooids. The fine-grained
sediment, containing a prolific and diverse fauna (see section IV,3F.e,)
is also heavily bioturbated and burrowed.
Iv.37P.d.1i.Lithology B (upper): The overlying beds are poorly
fossiliferous., They are honey-yellow, burrowed ooid-calcarenites. The
poorly-sorted grains, set in the micritic matrix, are prineipally ooids
with subsidiary skeletal grains, peloids and possibly rare intraclasts,
This lithofacies (and inecluded burrows, mostly seen as grey, micritic
streaks) is very similar to Lithofaciss A of the Greetwell Member in
central Lincolnshire,

Iv.57F.e. Faupa

The spectacularly abundant and diverse fauna of the Greetham
Fossil beds is restricted to Lithofacies A, the overlying beds of Litho-
facies B are practically barren of body fossils, although they are
extensively burrowed.
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Pigure 4.71 outlines the probable ecological niches occupied
by the commoner species of the Fossil beds' fauna at Greetham, where
the unit caps a hardground, encrusted by oysters and Chomatoseris spee.
The fossils, often in situ, are randomly and prolifically scattered
throughout the beds; if any distributional pattern is discernible, it
is that the burrowing bivalves, particularly Pholadomya, appear to
be more common in bed BD1 than BD2, where "llerin ea"spp. dominate,

In addition to the species listed in figure 4,71, worm tubes and "algal
tube" colonies are also common and extensive burrowing and bioturbation
has affected the beds,

At Thistleton, the Fossil beds are largely inaccessible and little
collecting has therefore been possible.s However, the oyster encrusted
hardground appears to be developed there too and Pholadomya fidicula
Je Sowerby, in life position, Pinna sp. and terebratulids have been seen,
In contrast no hardground has been recognised at South Witham, where a
Pinna cuneata - "Nerin ea" spp. association dominates the biotope,.
However in all localities the lack of significant breakage in the other

forms suggest that the fauna is largely indigenous to the Fossil beds,

IV.3G. uJOO&@X BEDS
IV.3Geae Introduction

The Woolfox beds are "typically" formed of massive oolites,
Woolfox (5K 951136) was preferred as the type section because it shows
a relatively thick (almost 2 metres) and strikingly coherent development
of the unit (Fige 4472).
IV.3Gebe Former Terminology

The terminology, which has previously been applied to the horizons
occupied by the Woolfox beds is rather confused. It would appear that
the Woolfox beds are probably equivalent to the lower part of the 'nnamed

beds" of Hollingworth and Taylor (1951), which occur between the Fholadomya
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Bed and Crossi Beds (Fig.4.48); to part o the Nerinea Beds
(? Richardson, 1939a) and the Oolites (Swinnerton and Kent, 1976).
Where the Woolfox beds fit into the schemes of Kent (1940 and 1966)
is rather less clear., At South Witham (SK 917189) Kent (1940, p.52)
included within the Cementstones, approximately * metres of white
limestone, occurring below the Crossi Beds; all lower beds being
classified in the Little Ponton Beds. The Cementstones would
therefore be broadly equivalent to the upper part of the "unnamed
beds" (Hollingworth and Taylor, 1951) and the Lineoln Member and the
upper part of the Woolfox beds of this lithostratigraphy (FPig.4.46.).
The remainder of the Woolfox beds is presumably equivalent to the
top part of the Little Fonton Beds (Kent, 1940, p.51) in this area.
Following similar reasoning it is possible that the lower part of
the Cementstones and upper part of the lgrinea Seds of Richardson
(1939b) also equate with the Woolfox beds, Certainly Richardson
(1939b, pp.466-467) discusses the occurrence of the Cementstones at
South Withem at a level approximately akin to that of the Woolfex
beds.
Iv.5G.e. Goographical ond Geologigcal Sxtent.

The Woolfox beds, consistently overlain by the Lincoln
Member, rest upon the South Witham or Greetham Fossil beds (Fig.2.2.).
Erosion by the Woolfox beds is thought to have removed the Creetham
Fossil beds from meny areas, for instance at Greetham (SK 933146;
Fig.4.47.) and only at South Witham has an erosive contact between
the two units not been proven. Llsewhere the Woolfox beds also
sharply truncate fhe South Witham beds (Fig.4.72 and 4.78.).

Although the relationship of the Woolfox unit with beds
further north 1s unclear because of exposwre failure in the Grantham
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~Ancaster region, the general stratigraphical evidence suggests
that the Woolfox beds are laterally equivalent to the leadenham
Member (Fig.2.2.). However at Ancaster (SK 997444), where the
Ileadenham and Greetwell Members interfinger, the lithofacies of the
Greetwell Member are of the central Lincolnshire type, implying that
the lateral contact between the central and south Lincolnshire facies
of the Creetwell Member occurs within the "hidden zone" (Grantham-
Ancaster), most probably around the Grantham area. There is no
direct contact between the Woolfox beds and the leadenham Member.,

In other directions the lateral relationships of the
Woolfox beds are equally enigmatic: the unit is seen in quarries at
the western, southern and eastern limits of the study ares/exposure,
suggesting that the Woolfox beds originally extended beyond these
limits. No firmer conclusions can be drawn because of the erratic
thickness pattern displayed by the beds (Fige4.l.).
v.5G.d. Lleld descriptlons of the lithologies and fauna.

The Woolfox beds have their most typical development at
Woolfox, Greetham, Little Bytham (IF 015178) and to a lesser extent
at Waltham on the Wolds (SK 815253), The typical lithofacies (A) is
a yellow, medium-grained, grain-rich, ooid-calcarenite. The dominant
ooids are very subsidlary intraclasts and skeletal grains are
cemented by sparite. No sedimentary structureshave been seen,
Foung: The majority of the fauna (solitary corals, bivalves,
gatropods) charecteristically occur in "stringers" or clusters. The
bivalves are usually epifaunal types such as oysters, pectinids and
modiolids. Rarely sediment-infilled articulated bivalves are seen,
although disarticulated but whole valves (often convex-side-uppermost)
are more typical. This, together with the "rolled" occurrence of
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unbroken solitary corals suggests that despite being affected by
currents, the fauna has not been transported far. Apparently "in
8ity" colonial coral clumps, which have been bored by "Lithophagza"
and replaced by sparite, also occur, Overall the relative abundance
of epifaunal, suspension-feeding orgenisms, some of which probably
have a reasonable degree of mobility (pectinid bivalves) suggests
that the substrate was unstable (mobile ooids) and the waters
probably turbulent to maintain a reasonable food supply in suspension,
The well washed nature of the ooid substrate points to the winnowing
of organic-rich "fines" from the sediment, which would prohibit
deposit feeding.

Elsewhere variations occur, At South Witham there is en
"anomalous" sequence, a fine-grained, well-sorted, peloidal calcarenite
containing few ooids, passes gradually up into a more typical ocoid-
calearenite. The intervening sediments tend to be bimodal, coid-
peloidal calecarenties, which contain some burrows and a quite well-
preserved fauna within which Pigna, Cervillis end"lerin ea" are
prominent.

At Stainby (SK 910238), upward-decreasing energy
conditions are reflected in a progressive decreasse in sorting and
vashing of the sediment resulting in more fines and small grains in
the matrix, A similartrend is developed to a greater extent in the
thick Sproxton sequence (SK 866253), where the basal " ypieal Woolfox
facles" passes up into heavily burrowed, grein-poor, ooid calcarenites,
which have a mostly micritic matrix., (The burrows are like those of
the South Witham beds' ooid-calecarenites.) In turn these beds grade
into a fossiliferous caleilutite. Ooids are quite common in th.’
lower half of this bed but practically disppear higher up, In
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contrast with the unit's more usual fauna, this bed has an abundant

and largely indigenous fauna: FPholadomys in life position,

"Nerin ea", (?) algal tube colonies, bivalves and gastropods all

ocour well preserved. Capping the Sproxton sequence is a limestone,
which is impersistently developed within the marly elay separating

the Woolfox beds' limestones and the Lincoln Member, An identical

bed is also seen at South Witham and more rarely at Woolfox. The
limestone is a "dirty" ooldecalcarenite; however it is the prolifie
fauna at the top of the bed that mekes it so significant. Although
both the subsidiary gestropods and dominant epifaunal bivalves are
whole the bivalves are all disarticulated and preferentially orientated
"eonvex~up”, In places a bared surface of this bed resemlics a mat of
Camptonectes sp. (7 laminatus) and Modiolus sp. valves,suggesting
that gentle currents have disartieculated and concentrated these

shells into coquinas without notable transportation as breakage and
wear are not very evident. This bed forms another valuable correlative
marker with the Thecosmilis-rich base of the Lincoln Member in south
Lincolnshire,

v.5G.e. laboratory degeriptions of the lithologies.

The prineipal featuresof the typiecal Woolfox beds litho-
facies (an oosparite; Fig.4.74.), are outlined in figure 4.75. At
Woolfox, thedominant ooliths are quite variable in size, and range
in shape from spherical to ovoid. Although mostly "normal" in type,
superficial and rarer composite ooliths are seen; skeletal or
mieritic (micritised ?) fragments generally form the nuclei but in
many ooliths the cores are indeterminste, Micritisation has obscured
the internal structure of some grains, which ere nevertheless
recognisable as ooliths because of their size, shape and the
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occassional patches of remnant internsl structure. The skeletal
grains, although often lerge, are not quantitatively significant.
Bivalves, preserved as sparite pseudomorphs with micrite-envelopes,
are the most common type, Rare, large, composite intraclasts are also
seen, The poorly-sorted allochems are set in a clean sparitic cement,
which erystallised in two distinct phases; a poorly~developed
acicular rim-gement pre-dating a bloeky . type of sparite, However
the two generations of cementation are not ubiquitous, for only a
blocky cement is seen at Greetham and Waltham on the Wolds.

At Waltham the exposed portion of the Woolfox beds 1s
composed of skeletal oosparite (Fig.4.76) which is texturally a grain-
stone and generally quite similar to the typical lithofacles,
althourh bioelasts are more important in the Waltham rocks. A number
of larger intraclastic and oncoliticgrains (1.0 to 2.1 mm,) and rarve
peloids also oceur. However, of far greater significence is the
nature of some of the ooliths. which in addition to a more clearly
defined concentric structure, have a distinet redial fabris, This 1s
picked out by radiating, diserete, "columns" of included-micrite
(Fig.4.76.). The importance of this radial structure in the ooliths'
make-up is emphasised by some of the grains sctually being broken
along it; these fragmented ooliths have been re-goated to form
"secondary" ooliths (Fig.4.77.). The signifiecance of these ooliths
and their breakage is discussed in Chapter V.

V.4, LSADENHM NEBEER.
IV.4.a. Jntroduction

The leadenham Member, composed of fossiliferous, chalky-
white calcllutites, is argusbly the most distinetive and easily
traced unit within the entire Lincolnshire Limestone Formation. The
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type section at Howard's Guarry (SK 962523), near leadenham,
exposes a thick (2 little over 3 metres) and typleal sequence with
a clearly defined top and base (Fig.4.78.).

Tn the quarries between lLincoln and Metheringham (Fig.2.1,)
the leadenham Member ineludes a thin sequence of more argillaceous
limestones and alternating shales, the Cathedral Beds (Fig.4.l.).

The full details of this formalised sub-division are discussed in a
later section (IV.4A).
Iv.4.b. [Forser Terminology.

Despite the distinctiveness of its lithologies, the
Ieadenham Member has not previously been recognised as a separate
unit but appears to have formed the lower part of the Cementstones
(Kent, 1940 and 1966; and Swinnerton snd Kent, 1976), the Kirton Beds
(Richardson, 1940) and Kirton Cementstones with Jjcanthoth ris orogsi
(Wilson, 1948), The bases of the Ieadenhem Member and these earliey
"cementetones" are probably co-incident because the typleal Cemante
stones facies contrasts sharply with the lithologies of the under-
lying bede in the Lincoln-Ancaster region, forming a natural strati-
graphic divide (Pig.4.1.). However, compared to the Ieadenham Member
the thickness of the "Cementstones” (see for example Kent, 1940,
p«55), means that they must have included younger beds, which have
been sttributed to the Cathedral Beds and/or Lincoln Member/Ropsley
Beds here (Fig.2.2.).

The relationship between the Isadenham Member and the
Cementstones of Richardson (1939b) and Kirton Cementstones of Zvans
(1952) is not so straightforward. The occurrence of the "Cement-
stones" at Little Ponton (SK 930230) and Copper 1ill, Ancaster
(SK 979427; formerly Newton and Seott's Quarry) cited by Richardson
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(1939b, pp.466=-487) are almost certainly records of the Ropsley
Beds (and assoclated parts of the Lincoln Member, Fig.4.l.) while at
South Witham (3K 917189) the "Cementstone facies" is developed across
the Lincoln Member - Woolfox beds junction (Fig.4.46). Therefore
the south Lincolnshire Cementstones of Richardson (1939b) are in no
way equivalent to the leadenham Member; nor indeed are any of the
"Cementstones" (of all previous stratigraphies), that oceur south
of Ancaster (see especially Kent, 1966).

The leadenham Member is not precisely equivalent to the
Kirton Cementstones of Evans (1952) either, although in this case
the relationships are rather more complex, Lvans (1852) does not
appear to have defined his Kirton Cemenistones in a consistent manner
across the central Lincolnshire area, and therefore the exact
relationship « his unit to the stratigraphy proposed here varies
accordingly. For example at Greetwell (TF 005721) the Kirton
Cementstones embrace the leadenham Member and Cathedral Beds, but
at Ieadenham itself the Kirton Cementstones include the ieadenham
Member and much (all 7) of the overlying Lincoln Member and Ropsley
Beds as well (fige. 4.79.)., Although not exposed when he completed
his work, the top of the Kirton Cementstones projected by Evans
(1952, Fig.5.) would probably approximate to the base of the
Scottlethorpe Member of this stratigraphy (Fig.4.79.). Therefore it
would appear that Evans (1952) drew the base of his Kirton Cement-
stones at more or less the same level as the lsadenham Member and
"Cementstones” of earlisr workers (Kent, 1940, and 1966; Richardson
1940; and Wilson, 1948), However, the top of his unit can be

demonstrated to coincide with at least two different horiszons; the
base of the Lincoln Member at Greetwell and the base of the
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Scottlethorpe Member at leadenham (Fig.4.79). The Kirton Cement-
stones of Evans (1952) therefore completely cut across the known
stratigraphical divisions of central Lincolnshire,

IV.4.c. Geographical and Geological Extent.

The Leadenham Member has e relatively restricted N-3
distribution from Lincoln to Ancaster (Fig.4.l.), where its inter-
digitation with the Greetwell Member (seen in railway cutting,

SK 997444) suggests that its original depceitional limit did not lie
much further south. Furthermore, as the unit is not represented at
either Ropsley (IF 002364) or Little Ponton, a little to the south,
the member must have "died out" between these localities and Ancaster.
Although the relatively restricted outerop to the east and west
prevents this "natural" southern margin being traced northwards,
figure 4.80 summarises the probable depositional trends indicated by
the available data.

In the series of outerops between Lincoln and Metheringham
(FigeRs1.), the Ieadenham Member, which overlies the Greetwell
Member, is succeeded by the Cathedral Beds. However, westwards and
south-westwards from this area the Cathedral Beds are cut out by the
Lincoln Member, which comes to rest direectly upon the Isadenham
Member (Fig.2.2.).

IV.4.d.  Eleld degoriptions of the lithologies.

The typical leadenham Member has a series of pure, chalky-
white calecilutites (Lithofacies A), interrupted by a single more
resistant ooid-calcarenite, with a bioclastic-rich base (Lithofacies
B). Lithofacies B is not developed at Metheringham (TF 053616),where
there is an anomalously thin Leadenham Member successlon, or at
Ancaster (Railway Cutting), where its place is taken by an inter-
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digitation of the Greetwell Member. However, this interdigitation
and Lithofacies B are probably genetically related (Chapter V).
IV.4.d.4. Lithofacies A: This is the dominant and characteristie
facies of the leadenham Member., Thinly~bedded, chalky-white, fossil-
iferous calecilutites are interleaved with brown clay or marl
partings, which are often well laminated. Occasionally the psrtings
are black and more organic-rich. The limestone beds vary in thick-
ness from approximately 0.1 to 0.4 metres, although they are usually
about 0.15 metres. Allochems are rere except far skeletal fragments
(and fossils); only a few brown ooids and oncolites are seen,
although peloids may constitute part of the mairix in places. The
molluscan domineted fauna is often prolific and contains many in gituy
forms (Fig.4.8l.; see section IV.4.f.). Bioturbation and burrowing
are rife and the lowest beds (below Lithofacies B) are characterist-
ically riddled with Chopdrites ep. and Zoophvgog sp. traces (Fig.4.
82). Within these beds, small lenses of bioclastic and peloid-rich
fine calcarenites, with gently scoured bases ococur., These are
usually a few tens of millimetres long and 5~10 mm, thick, Their
significance is discussed in Chapter V.

Although this facles is widespread, minor variations,
mostly in the content and composition of the allochems, oscur, For
example, at Harmston (SK 992619) the more creamy-coloured, blus-
hearted calcilutites are typified by brown "algal tube modules",
However, such variations are mostly slight and the rocks are readily
identified as belonging to the characteristic lithofaciss.

IV.4.d.1i. Ldkhofacdeg B: This variant usually occurs as an individ-
ual, rather thicker bed (usually 0.6 metres) low down in the
Isadenham Member sequence. The creamy~yellow weathering, but blue-
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hearted bed gemerally has a distinctive besal layer (up to 75 mm,
thick) of skeletal calcirudite. Bivalves, gastropods and worm tubes
are particularly prominent components of this grain-supported layer,
which at Dunston (TF 053634) has large Thalassinoides sp. networks
covering its base., Above this, the bed becomes more of an ooid-calca-
renite, with brown ocoids, oncolites, skeletal fragments and peloids
occwrring in the rather poorly~-sorted deposit. The percentage of
grains, never especially high, decreases up the bed as the lithology
grades into a calcilutite. The calcarenite does not appear to be
grain supported. Some of the bivalves, noticeably Pinna sp., that
were invariably in life position in Lithofacies A, are "uprooted"
(although articulated) in this bed; they lies parallel to the bedding.
~Burrows are ubiquitous.

Variations within this facies (B) generally centre upon the
bloclastic basal layer. For example, at leadenham, the basal portion is
an independent bed (023 metres thick), composed of a f{ine-grained ealca-
renite. No bioclastlc basal layer has been recorded at either Greetwell
or Branston (TF 023671).

V4.0,

The principal feature of the lithofacies of the Leadenham
Member are outlined in figure 4.8%.
Iv.4.e.1.Lithofacies A: This is easentially a biomicrite facies
(Pig.4.84) which varies texturally from (dominant) wackestones to
mudstone, However, within the blomierites a number of biopelsparite
packstone lenses occwr (Fig.4.85).

The biomlerites have dominant bivalve and gastropod (often
whole) skeletal elements and subsidiary fragments of echinoderms
(spines, plates and ossicles), foraminifera, terebtratulids, Bryosoa
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vorm tubes, especially Serpula (letraserpula) tetragong (Sowerby),
and ostracods. Preservation 1s varlable; essentially the ecaleitic

skeletons have survived unaltered but the aragonitic tests have been
replaced by secondary sparite. Many of the bivalves have micrite-
envelopes and most foraminiferal tests have been completely
micritised.

Non~skeletal allochems are rare; only silt grains and
peloids have been recorded. The size and ovold shape of the peloids
suggest that they are probably faecal pellets. The matrix of the
rock is invariably micrite.

Varietions in this blomicrite lithology do ocewr. For
example, bed C6 in the Dean and Chapter Pit, Lincoln (SK 977735) is
practically devoid of skeletal allochems but has abundant silt grains
and subsidiary mica and wood flakes (Quartzose micrite), The silt
is concentrated into certain areas, which may be burrows or
"reflections” of bioturbation., At Harmsten, large (10 x 2 mm,),
crudely concentrically laminated oncolites dominate the rock (oncoldtic
biomicrite)., These have diverse but predominantly skeletal nuclei.
No algal tubules have been seen in the mieritic coatings.

In contrast to the grain-poor biomictites, the pelsparite
lenses are allochem~rich. The skeletal debris is compositionally
similar to that of the biomierites and the faecal pellets are much
more abundant. There appear to be two distinet generations of
sparite cement; the earliest forms non-frroan calcite (often acicular)
syntaxial rims to many skeletal grains, while the later, more
blocky ferroan calcite cement, infills the remaining pore space.
The scour bases and general ill-sorted jumble of grains suggest that

these lenses are the remult of minor storms or disturbances.
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IV.4.0.44.Lithofacies B: Although this facies encompasses the
whole of the bed, which interrupts the "normal" leadenham Member
sedimentation, it is the basal skeletal calcarenite layer thet is
particularly significant. Like the biopelsparite lenses in Litho-
facies A, this bloclastic layer is thought to be the product of a
storm, which, in this case, was quite an important event as it
aeffected depoasition over a wide area. The remainder of the bed,
presumably reflecting the restabilisation of conditions, is much more
akin to "normal" Lithofacies . sediments, although it tends to be
much more grain-rich.

The basal leyer is a poorly-washed blosparite (Fig.4.86.).
The diverse skeletal allochems are large and ill-sorted, although
there is a tendency for the elongate grains to align themselves
parallel to the bedding. The preservation and type of bioclast is
gimilar to that in Lithofacies A although the grains are much more
fragmented. This probably reflects the difference between the
mechanical degradation suffered during storm transportation and the
blological breakdown affected in the lagoonal environment of Litho-
facies A, In addition, compactional stress has fractured even quite
robust fragments like worm tubes. Many of the skeletal grains have
mierite rims, some of which are probably micrite-envelopes although
others are algal accretionary coats, i.e. oncolites. This is eclearly
seen in some grains where the micrite coat encloses foraminiferal
tests and silt grains (Fig.4.87). Intraclasts, silt grains and rare
peloids make wp the rest of the rockis grains. At Coleby, (SK 981600)
the rock is a packstone, with about equal amounts of sparite and

micrite, However, elsewhere the mierite appears to be dominant and
the rock is not always grain supported. For instance, at leadenham
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the abundant skeletal grains are much smaller, more perfectly aligned
parallel to the bedding and set in a mieritic matrix.

The overlying bed has a variable composition ranging from
oncolite or quartzose biomicrite to quartzose biopelmicrite. The
rocks of this level generally have varylng amounts of oncolites
(ooliths), skeletal grains, peloids end silt grains and are texturally
wackestones, They reflect the transitional period between the storm
and resumption of typical lagoonal sedimentation conditions,

IV.4.f. Fauna.

The molluscan-dominated fauna of the lLeadenham Member is
charscterised by colonies of semi~infaunal Pinna cuneats Phillips.
This, together with Pholadomya lirata (J.Sowerby), Pleuromys uniformis

(J.Sowerby), Natiga adduocts Phillips, and Astarte migime Phillips,
forms the nucleus of a diverse, benthonic biotope (Fig.4.88.),which

is believed to be endemic to the lagoonal environment, represented by
the member's Lithofacles A, for a number of reasons:

(1) The infaunal and semi~infaunal species P.guneata,
Felirata, F.uniformis and Jpesslve abducta (Phillips) ere invariably
found in life position.

(2) The valves of the disarticulated bivalves are whole and
randomly orientated. Disarticulation appears to be confined to epi-
faunal and some shallow infaunal species.

(8) Few "forms" show any sign of wear or breakage,

(4) The fauna shows no sign of size sorting.

(8) 1If not ip sity, the faunal elements have a random
distribution within the individual beds,

(6) The general sedimentological setting suggests that
significant transportation of the fauna is unlikely to have occurred.
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Although the litholical uniformity of Lithofaciles A
suggests that similar substrate conditions existed throughout
Lleadenham Member times, the fauna shows some lmportant differences.

The basal beds, below the Lithofacles B storm level, were intensively
burrowed, with Chondrites sp. and Zoophycos sp. particularly

prominent, Rarely was the "typical" molluscan fauna (or any body
fossils) developed at this level, where the slow deposition of nutrient
rich, fine-grained lime mud must have been particularly conducive to
the various soft-bodied deposit feeders, which produced the trace
fossils. Having rapidly colonised the substrate of the nascent lagoon,
the burrowing/feeding activity of these forms apparently made the
sediment surface too "soupy" for it to be successfully colonised by

the molluscan spat. The "infantile" molluscs presumably perished by
"burial-suffocation” or by actually being ingested by the indigenous
fauna, in what appears to be a perfect example of the trophle group
amensalism concept of Rhoads and Young (1970), It was not until after
the deposition of the storm bed, that the molluscan fauna became widely
established and the dominance of the deposit feeders weakened. However
Chondrites and other burrows remained quite common 1ln these higher
beds,

The mollusecan fauna is an excellent example of a "timee
averaged community" (Walker and Bambach, 1971)., These workers pointed
out the discrepancy between the life-span of most benthonic invert-
ebrates and the time taken for the deposition of the enclosing bed,

As the latter is so much larger than the former, the fauna of sach
bed must encompass & number of successive populations (each repre-
senting a ssasonal or annual recruitment) and the related series of
communities, whose structure will fluctuate (through time) with the
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seasonal/annual oscillations in the fortunes of its component species.
Because of this, the total fauna of each bed represents the "time-
averaged community" of that substrate; i.e. the sum of the various
communities that may have existed at different times during the
deposition of the bed, The seasonal fluctuations in recruitment/
mortality, which would have modified the community structure at any
one tims are "levelled out” through time, and we see the "average
community" for the time-span, represented by that bed. Such a
succession of populations (and its effect on the community structure)
can be well illustrated by reference to the semi-infeunal P,cuneata
colonies., Within a single bed the posterior margins of the individual
Finna can be seen to be at a number of different levels, which must,
because of the bivalve's mode of life (Fig.4.89.) correspond to
different levels of the sedimente-water interface. A number of
populations must therefore be represented by the Pinna of each bed,
as each sediment/water interface level would have its own population
(Fig.4.89.)s This too is a simplification as each caleilutite bed
would have gradually acecumulated with acantinuously varying sediment-water
interface level,

The presence of a soft substrate in the lagoon is clearly
indicated by the predominance of infaunal bivalve species, although
the reasonably common epifauna, suggests that holdfasts must also have
been available (Fig.4.90.). It would seem likely that algee provided
attachment for the high-level byssate dwellers (Parallelodon ?)
while the abundant shell debris could have supported forms like the
solitary coral and low-level byssate dwellers, some of which may have
lived "free" in adulthood (Plagiost oma 7). Certainly there seems
little evidence to suggest that the substrate was ever firm enough to
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provide suitable attachment for such species « a factor that may
be responsible for the scarcity of brachiopods, as terebratulids are
abundnant in the slmost identical lithofacies of the Ropsley Beds
(see IV.5A.f.), where infaunal bivalves are scarce, suggesting the
presence of a rather firmer "bottom". Salinity does not appear to be
important as other stenchaline groups (corals and echinoids) are
present in the Isadenham Member (Fig.4.88.), although few in number.
Turbidity, another possible control seems equally unlikely because of
the abundance of other suspension feeders - unless the brachiopods
were less able to cope with the conditions than the bivalves and
corals. The findings of Fursich and Hurst (1974) do not seem to
favour such a case, and therefore a soft substrate seems the probable
reason for the scarcity of brachiopods.

The leadenham Member seems to have represented a reasonably
predietable, nutrient-rich environment if the diversity and
composition of the fauna are considered., ood was exploited from
within the sediment by deposit-feeders like Chopdriteg, from the
surface of the sediment (by the gastropods ?) and from the over lying
water mass by the prolific suspension feeders; a mixed fedding
structure (Fig.4.90,). However, the abundance of suspension feeders
suggests an element of competition that seems out of place in this
biologically-accommodated assemblage (Sanders, 1968)., On closer
inspection though the competition may not be as important as it first

appears, for a number of reasonsi
(1) Only a few of the suspension feeders are important in
terms of the biomass of the whole assemblage; these are P,cuneata,

Elirats and Paunifornis.
(2) Of these, Pycuneats, the dominant form, would have taken
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its food from a level some wey above the sediment/water interface
and would therefore have been exploiting a different feeding level
than P,lirsta end P.uniformis (Walker, 1972), The latter two species
would have teken their food from near the sediment/water interface.

(3) The next most abundant forms in the assemblage (in terms
of biomass) after the three bivalves, would have probably been the
deposit-feeding Chondritesg and the carniverous (?) JMatics sp.; neither
would have been in direct competition with the suspension feeders,
suggesting a fairly belanced trophic structure, where the trophic
nucleus of the sssemblage (Neyman, 1967) was probably composed of
species essentianlly taking their food from different sources or levels
(Walker, 1972).

(4) Competition amongst the suspension feeders may also
have been reduced by the utilisation of different sized food perticles,
or different foods, or, in the case of the near-sediment surface
feeders, by taking food re-suspended from the sediment (Marshall, 1970).
As the diverse suspension feeders, other then P,cupneata, P.lirata, and
Paunliformig, were probably insignificant in terms of the biomess of the
assemblage, the problem of their "eall" on the available food resources
would be wmimprtant, espeelally if there was a plentiful supply of
suspended food matter. The qualitative essessment of the "community
‘structure" would seem to be supported from preliminary quantitative
studies.

Overall the diverse benthonic fauna would suggest reasonably
nutrient-rich waters of marine (or very close) salinities, overlying a
soft, nutrisnt-rich substrate. This, together with the sedimentological
conditions and restricted geographical distribution of the lithofacies
indicates a genuine lagoonal setting,
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During the course of collecting from the Ieadenham Member,
it was noticed that vhenever in clusters, the jn situ P.cuneats
specimens seemed to have their dorsoe-ventral exes aligned (Fig.4.91. ;
see aleo Davies, 1970 ), A more systematic survey was therefore under-
taken in order to test this observation, The methods employed are
discussed in Appendix 4 and the "raw" data on which the results were
based is tabulated in Appendix 5. Essentially the orientation of the
dorsosyvantral axes of the bivalves were measured with respect to
magnetic north (Fig.4,91.) and the "lineations" plotted on a ross
diagram, A"lineation" rather than a "vector" was recorded because
the preservation of the P,cuneats often made it impossible to determine
the dorsal from ventral mergin of the organism (see Appendix 4 for
details).

IV.4.g.1. Theslg: If a group of organisms show a preferred orientation
it is likely to have been of some benefit to them. In this case,
where there might be a parallel alignment of the "long" dorso-ventral
axes of the sedentary bivalve, the most obvious advantage would be to
offset the friotional effects of the prevailing water currents by
utilising the bivelves' streamlined form (Fig.4,92.), Seecondly, such
an alignment "with the ecurrent” would bmefit the feeding end
exeretionary sctivities of the bivalves (Fig.4.92.). This would be
the case even if the dorsal mergins (of all the bivalves in any cne
collection) did not consistently "face" in the same direstion, for it
is likely that the inhalent current would be stopped during the

ejection of faeces (Yonge, 1953)., The actual position of the
exhalent "compartment" upstream would not therefore be as
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disadvantageous as it might appeer.

Iv.4.g.43,7alue of the technigue: If the P,cuneats were shown to be
preferentially orientated in response to current activity, they
could be used to monitor the presence and alignment of the "eurrents"
in any environment, that might not reflect any current activity
sedimentologically. The P,guneatp would be biologiecal palseocurrent
indicators.

It is obvious from the generel sedimentological setting
that strong currents were not present in the leadenham lagoon,
However, this does not necessarily indicate their total absence; wind
induced cwrrents may have existed. Alternatively, the results of
tidal action, sedimentologically recorded in the tidal chennels and
deltas, may have had en influence on the lagoons, if only to ree
suspend the fime sediment, which 1s the result of the predominantly
quiet-vater setting. These currents may have affected the lagoon's
blota without leaving any trace in the sedimentological record.
Therefore a potential exilsts whereby such biological current indicators
might be able to refine and modify the underetanding of the palaso-
geography of the time, which had been elucidated from sedimentological
eriteria; an example of new palaeontological data could be uuqd to go
beyond the limits of sedimentologleal data in assessing the palacce
environment.

IV.4.g.iil.Dakat The rose disgrams for the P,cuncata "lineations"”,
collected from various beds at leadenham, Coleby, Dunston and
Greetwell are shown in figure 4.93 together with the isopachyte of the
leadenham Member. There is much vardability in the orientation of
the Pycuneata, and in the relationship of these orientetions to the
presumed "palaeogeography” of the lagoon. Although some of the rose
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diagrams suggest a preferred orientation exists, none vere confirmed
when the data was subjected to Rayleigh's test of uniformity

(Appendix 4),

TV.4.g.iv.Conclugiong: Although rather inconclusive, the results
could be taken, from a negative point of view, to indieate the
absence of significant current activity within the Ieadenham lagoon,
However, the method 4s still considered valid and as some of the data
gives a positive result (i.,e, = preferred orientaetion; see Appendix 4)
it might be thet larger collections are needed to resolve the problem,
Iv.4.h. Disgussgion.

Although the Kirton Cementstones of South Humderside and
the "Cementstones"” of the Lincoln - Ancaster region have traditionally
been grouped together, they have, in their modified form, been
classified separately; the Ieadenham Member is correlated with Unit E
of the Kirton Cementstones Member (Ashton, 19755 Unit F is thought to
be equivaleont to the Lincoln Member, Fig.2.2,). Unit E end the
Ieadenham Member are very similar in that both are composed of
alternating limestones and shales, However, in deteil they show a
nunber of differences, For example, in Unit E the shales are more
prominent than they are in the leadenham Member, comprising spproximately
507 of the Kirton sequence; the limestones ~re more argillaceous than
those of the Ieadenham Member and more nodular, not even forming
continuous beds in places, Overall therefore there seems to have been
a greater clastie influence in Unit E than in the Isadenhem Member
further south, where a very pure "earbonste regime" flourished,
Faunally too there ere distinet dissimilarities; the prolific
mollésean fauna of the Ileadenham Member is not seen at Kirton, where
only a single Pleuromys sp. has been recorded from the limestones,
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although abundant Catinula sp. crowd the shales and Chondrites sp.
occur profusely et the limestone/shale contacts. Such a low diversity
oyster-rich biota suggests that the Kirton Cementstones Member (Unit E)
may have been deposited in more brackish waters (Chapter V)., These
differences plus the stratigraphical uncertainties raised by the
geographical 1solation of the Kirton sections have influenced the
choice of separate unit names for the "cementstone~facles" of South
Humberside and central Linecolnshire, although the facles are elearly
stratigraphieal equivalents.

In contrast to this arbitrarily drawn northern stratigrephic-
al boundary, the actual depositional limite of the leadenham Membey
can be fairly acewrately defined in mid-Lincolnshire:. In the railwey
cutting section at Ancaster, the Greetwell Member fscles are sean to
interdigitate northwards into the Isadenham Member ealeilutites
(Piz.4.1,). The base of ARC C3 (this bed definitely belongs in the
Greetwell Member) forms a distinet division between the base of the
Oreetwell Member intercalation and the underlying Isadenham Member,
but the upper margin of the interdigitation is pether less easily
defined because of the intermediary nature of the lithologies in
ARC 04, In 4ite lower part ARC C4 is more ooid-rich than is usuel for
the Ieadenham Member, but in other lithological respects it is quite
unlike any Oreetwell Member beds. It has therefore been classified in
the Ieadenham Member although it is transitional in nature (Fig.4.1,).
North of Ancaster the interdigitation dles out for at Iesdenham, the
next most northerly quarry to expose this level, the Isadenham Member
sequence is more typleel of the central Lincolnshire sequences as a
vhole, Despite the similarity of the thin beds 1Q C6 and ARC CBa, the
overlying beds et leadenham are like the transitional lithologies of
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ARC C4 and ought to be inecluded in the leadenham Member, Therefore,
at most, only IO C6 could represent the northward extension of the
Greetwell Member interdigitation. However, as this bed is a fine-
grained bioelastic ealearenite, like the basal layer of Lithofscies B
of the Isadenhem Member, it has here been included in that lithofacies
and exeluded from the Greetwell Member; the (reetwell Member inter-
talation 1s therefore belisved to peter out just south of Ieadenham,
Genetieally however, the Lithofacies B level (storm bed of the
Isadenham Member) and the Greetwell Member incursion are probably
related (Chapter V) and their division has to be on rather arbitrary
grounds (in the transitional zone sround ILeadenham),

Iv.e.4,

At the top of the Ieadenham Member in the Lincoln-Metheringham
ares, the alternating limestons/shale regime is signifieantly modified.
The shales become more important and the limestones are more
argillaceouss in sddition, both lithologies are crowded with skeletal-
oneolites, These differences suggest that the beds in question ought
to be separated from the main body of the Isadenham Member, However,
because of their relatively restricted geographieal and geological
extent, the beds have been formalised at the "Beds" rather than member
level (Hedberg, 1976, p.5%5, pt.C4). Termed the Cathedral Beds, they
are considered a formal subdivision of the leadenham Member,

VedA SALECDRAL DERS.
IV.dA.a.  Jotreduction.
The skeletal-oncclite bearing argillaceous limestones and

shales of the Cathedral Beds have their stratotype (0,91 metres thick)
exposed in the Dean and Chapter Pit, Lincoln (SK 977785; Fig.4.94.).
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IV.4A.b. Former Terminology.
Thesa beds have not previously been identified ss a

separate unit but have been ineluded within the Kirton Beds of
Richardson (1940), the Cementstones of Kent (1940 and 196€) and the
Kirton Cementstones of Zvans (1052), However, Richardson (1940, p.253)
may have recognised them as "...s, a band of shale full of little
mudstone pellets", although it 1s difficult to eveluate where this
band came in the section at Greetwell, Linecoln, Elsewhere Ashton (1978)
has included similar oncolite-rich shales in the Kirton Cementstones
Member exposed at the Manton Stone Company (uarry (S8 940024). near
Kirton in Lindseys In particular the Cathedral Deds level seems to be
approximately equivalent to the topmost shale in Unit E of the Kirton
Oementstones Member (Ashton, 1975, fg.2.), although a similar shale
band occwrs highar up that unit.
IV.4A.c. Geographieal and Ceologleal Extent.

The Cathedral Beds cceur sandwiched between the Lincoln and
Isadenham Members (Tig.2.2,) throughout thelr traceable extent from
Lincoln south-eastwards to Metheringham (TP 053616), Although the
unit's present distribution is very restricted, its general relation-
ship with the Ieadenham Member suggests that the original extent of
the two subdivisions may well have been very similer, Certainly, the
westward disappearance of the Cathedral Beds appears to be due to
the erosive downcutting of the ILincoln Member rather than none deposi£ ion
because  "typleal" Cathedral Beds' oneolites have been found in the
base of the lineoln Member at Coleby (SK 981600).

Beyond these immediately surrounding areas the close
similerity of some of the shales of the Kirton Cementstones NMember

(Ashton, 1975) to the Cathedral Beds suggest that the unit may have
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extended much further northwards then its present known limits but
the lack of exposures prevent this from being confirmed, In contrast,
it is unlikely that the Cathedral Beds were ever deposited south of
Ieadenham because of the general facies change.

IV.4A.4.

The Cathedral Beds usually comprise a series of alternating
argillaceous limestones and shales, both of which typieally contain
skeletal-oncolites, Superficially the limestones snd shales may appear
similar, grading imperceptibly into one another, so that in places, only
the difference in hardness separates the two. However in most cases
differential weathering has picked out the different layers,

IV.4A.4,04, t The oneolitic,argillaceous limestones weether
khakiebrown from an original dark grey eclour, large oncolites, bio-
clastic grains, and rarer wood flakes and quartz grains have a random,
but uneven distribution in the rock, resulting in rather poor sorting.

The dominant oncolites, which occur in varying propertions,
tend to give the rock a cheracteristically speckled eppearance as their
buff-orange weathering (blue when fresh) stands out ageinst the darker
hues of the enclosing rock. Although not always recognised in smaller
grains, the larger oncolites (up to 1% mm, in diameter) tend to have
skeletal nuclei, aroumd whish roughly concentric leminse heve been
acereted to produce irregular grain forms, Amongst this irregularity
however there appears to be a preponderance of bisecuit-sheped grains,
In some beds a second suite of more oolithe-sized grains occur, but
these are probably "inecipient" oncolites, ‘

Except for rare, whols small gastropods and unbroken but
disarticulated bivalve shells, bioelastic grains are the only sign of
goologieal life, The prolific benthos of the Isadenham Member is
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completely absent, Bilvalves, pastropods, echinoderms and brachiopods

are the prineipal contributors to the skeletal debris,

IV.,4A.de11.3haleg: The well-laminated shales are similarly "speckled"
vith oneolites, whose buff colour sgain stands out against the black,
fresh shale or pale brown-dirty khaki weathered surface (seen

especially well at Washingborough Railway Cutting, TF 019702), Some
oncolites appear to have been compacted to form "buff streaks" in the
shale, which also has "white patches" of remnant aragonitisc shell debris.
IV.4A .0,

The limestones of the Cathedral Beds are lithologieally
uniform, being skeletalw-oncolite bearing quartzose bilomicrites,
Texturally they are wackestones, although the rocks' grain content ia
quite high,

Gralns: Oncolites, skeletal and quartz grains are the domlnant types
present, but rarer, superfieial ooliths, peloids, silt-grade flokes

of white mica and black wood flakes also oceur, The skeletal-oncolites,
the most conspicuous grain type, are normally large (0.8 to 7.2 mm.).
Most have grown discordantly and asymmetrieally around skelstal nueclei
(crinoid ossiecles, bivalve, gastropod and brachiopod fragments)
producing an irregularly shaped but crudely rounded grain (Fig,4.95).
Some retain the original shape of the nuclei, Intertwined algsl
tubules of the "Girvanells" type are clearly seen within the green
micritic coatings of the oneolites (Fig.4.96.).

The bloclastic grains are verdsble in composition, size
(0.2 to 3.2 mm,), shape and preservation, Brachiopods, inecluding
punctate terelratulids, seem to be the dominant group, although
bivalves, gastropods, worn tubes, foreminifera, ostracods, Bryoia and
erinoid ossicles =re also present. The caleitic components have largely
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retained their original composition and structure but the major
araganitic groups like bivalves and gastropods have replaced shells;
they occur as sparite pseudomorphs. However, both groups may or may
not have mierite-envelopes while many of the forams have completely
micritised tests. The silt to very fine sand grade detrital quarts
grains are largely sub-rounded and are very unevenly distributed,
Matrdx: The grains are scattered randomly throughout what appears as
a "dirty", finely erystalline matrix, The grains are rarely abundant
enough or so closely packed for the rock to be grain-supported,
suggesting that the sparite may be a neomorphic replecement; the
following lines of evidence seem to support this contention (see Fig,
4,97.)3

(1) The spar is largely composed of equidimensional crystals.

(2) Pew plane erystal boundaries are present; the individual
erystals have "wavy" margins.

(3) NO enfacial triple junctions have been seen.

(4) The orystal size does not inerease into the inter-
granular "voids".

The combination of thno) characters, the presence of remnant
micrite patches and the wackestone texture suggests that the original
matrix was miorite. However a few peloids (probably faecal pellets)
also occur but as the majority of the remnant micritic areas are
structureless, it seems unlikely that they formed a significant
proportion of the matrix, No pellet "ghosts" have been seen in the
neomorphic spar.

A few areas of much coarser spar exist that may be original
cement; the erystal boundaries are mostly planar and some enfacial
Junctions oceur. However, these patches have diffuse margins, where
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grains have been truncated suggesting that the outline of the (possible)
original void has been "blurred" by neomorphic aggradation,
Consequently, the true nature of the sparite areas is difficult to
determine,

IV.4A.f. Disoussion.

The Cathedral Beds contrast strikingly with the underlying
fossiliferous caleilutites of the Isadanham Member., The principal
differences between the two units arve:

(1) ¢®he Cathedral Beds have a greater clastiec content, as
shown by the increased proportion of shale over limestone and the
greater quarts content of the limestones (of, modal analyses in
Appendix 2).

(2) the dominange of skektal-oncdlites in the Cathedral Beds

(3) the absence from thealmost barren Cathedral Beds of the
rich, molluscan-dominated, benthonie frauna, which is so typieal of
the leadenham Member,

Therefore, although the leadenham Member grades up into the
Cathedral Beds, a significant, if subtle, change in the environmental
conditions occurred, Essentially e elastic influx reduced the purity
of the earbonate sedimentary regime, and destroyed the stable eco-
system, which existed in the Iesadenham Member lagoon,

V.5, LINCOLN MEMBER.

Iv.5.a. JIntroduction.
The Lincoln Member, so-called because of its widespread

distribution and stratigraphical significance, is composed of ooid-
calearenites and ealcilutites, However, the lithological make-up of
the member varies widely and as well as distinctive central and south
Lincolnshire sequences, two independent subdivisions can also be
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recognised within the unit; the Ropsley Beds of mid-Lincolnshire end
the Little Bytham beds of southern Lincolnshire (Fig.2.2,). These sub-
divisions are thinly-bedded, white, fossiliferous calcilutites like
those of the leadenham Member,

Although the lithological variability of the member makes the
designation of a stratotype difficult, Greetwell Hollow quarry, Lincoln,
(TF 00%721) has been chosen because it shows a clearly defined and
"typleal” sequence (1.85 metres; Fig.4.98,) through the central
Lincolnshire facles. In addition, a hypostratotype, Stainby (SK 010273;
Fig.4.99,) has been selected to illustrate the south Lincolnshire facies
and particularly the member's bese (in that area). The Ropsley Beds
and Little Bytham beds have their own type sections.
v.5.bs Former Terminology.

Although stratigraphically the most important new unit to be
deseribed, the Lincoln Member, has never previously been recognised as
a separate subdivision. It appears to have constituted part or all of
the Kirton Beds (Richardson, 19%9b and 1940), Cementstones and Crossi
Beds (Kent, 1940 and 1966; and Swinnerton and Kent, 1976), Kirton
Cementstones with Acapthothipis crossi (Wilson, 1948), Kirton Cement-
stones and j.grossl Beds (Evans, 1952), Oolites (Swinnerton and Kent,
1978), Lower Crossi Beds (Kent, 1966; fig.l.) and "unnamed beds with
Pholadomys Bed near top” (Hollingworth and Taylor, 1951),

" Between Lincoln and Metheringham (TF 053616), the Lindsey
Shale occurs immediately on top of the member, which encompasses, as
its topmost bed, the Lower Crossi Bed of Kent (1966, rig.l.).

However, despite the fact that it is always overlain by a massive oolite
(eege Fig.4.100) the lower boundary of the member ocours within what
most authors have termed the Cementstones or Kirton Cementstones. In
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the Lincoln district therefore the Lincoln Member is equivalent

to the upper part of the Cementstones (Kent, 1940 and 1966; and
Swinnerton and Kent, 1976), the Lower Crossi Bed (Kent, 1966, fig.l,

= Crosel Beds of Kent, 1940), the upper part of the Kirton Cement-
stones with j.orogsl (Wilsom, 1948), and the central part of the Kirton
Beds of Richardson (1940). At Greetwell, the member includes the lower
part of the A.qrossl Beds of Evans (1952), although further south it

is equivalent to the upper part of his Kirton Cementstones (Fig.4.79.).
Evans (1952) apparentlyrecognised the importence of the member's base
at Greetwell but missed its significance as a stratigraphical divide
for thehole area.

The earlier workers moy have missed the importance of the
basal oolite of the Lincoln Member because it is sandwiched between
two sequences of "Cementstones-facies" rock in mid-Lincolnshire,
However, figure 4.1, shows that the upper calcilutite division (Ropsley
Beds) 1s quite separate stratigraphically from the lower (leadenham
Member) and that the oolite is an ever-present divide between the two.

The persistence of the Ropsley Beds southwards beyond the
linits of the Ieadenham Member seems to have encouraged previocus
workers to extent their "Cementstones" into mid-lincolnshire (Richardson,
19%9b) and beyond, because of the periodic oceurwence of celeilutites
in the Lincoln Member of south Lincodnshire, However in south
Lincolnshire the Crossi Beds are at a higher level {Seottlethorpe
Member of this work) so that the Lincoln Member only includes the
"Cementstones" (Kent, 1940 and 1966), the upper part of the Oolites
(Swinnerton and Kent, 19768) and the upper pert of the "unnamed beds

with Pholadomya Sed near top" (Hollingworth and Taylor, 1951).
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v.5.c. Geographical and Geologigcal Extont.
The onset of Lincoln Member times was marked by a widespread

event, which similarly affected the differing sedimentary regimes of
south and central Lincolnshire, The member therefore overlies a number
of stratigraphic units: the Cathedral Beds, leadenham and Greetwell
Members and Woolfox beds (Fig.2.2,). However, regionalised sediment-
ation soon returned and the unit is succeeded by the limestones of the
Secottlothorpe Member in the south and the Lindsey Shale Member in
central Lincolnshire, North of Lincoln, Unit F of the Kirten Cement-
stones Member (Ashton, 1975) is thought to be laterally equivalent to
the Lincoln Member, although significant lithological differences
differentiate the two units.

Within the confines of the exposed region, the Lincoln Member
is ubiquitous and fairly uniform in thickness (including the Ropsley
end Little Bytham beds) exeept for a noticeable thinning in the
extreme south, Therefore there is little eclue as to the true geo-
graphical limits of the unit, although it must extend beyond the
present traceable boundariss, The southerly thinning probably only
mirrors the overall wedging-out of the formation in thet direction,
v.5.d. [leld degepiptions of lithologieg.

The Lincoln Member is lithologically veriable; besides the
distinctive Ropsley and Little Bytham celeilutite subdivisions, south
and central lincolnshire also have contrasting fadies sequences.
However, common to the whole unit is the erosive base and basal ooid-
calearenite bed.

Iv.5.deis Coptral Iincolnshire: The type section at Greetwell (Fig,
4.,1,) shows a gradationsl sequence of pale yellow -grey limestones ‘
(Pig.4,98,):
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(1) The blue-hearted basel, grain-supported oold-calea-
renite (Lithofacies A) contains a wide array of grain types; ooids,
bioclasts and oncolites, which are generally poorly sorted., This grey,
hard, splintery limestone has e more micrite-rich base.

(2) The grain content of the overlying, buff-coloured ooid-
ealearenite (Lithofscies B) generally decreases up the sequence until
the rock is little more then a caleilutite with a few scattered ooids,
skeletal fragments and fossils, The ooid-ealcarenite is speckled
with limonitic brown ooids, which tend to oceur either randomly or in
clusters. The grains are illesorted. Skeletal grains increase in
importence up the sequence and large, whole bivalves such as (resslya
abdugta (Phillips) end Plagiostoms rodburgensis (Whidborne) are also
found in the higher, more caleilutitic levels. The vhole rock is
mud-supported and typified by burrowing systems skin to those
developed in the leadenham Facies of the Greetwell Member, although
here the burrows are not seen "open" but tend to be preserved as
"grey mieritic streaks" in the roeck.

() The top bed in this erea (= the Lower Crossi Bed of
Kent, 1966), is charscteristically a grey, hard, splintery, bluew
hearted ooid-calecarenite (Idthofacies B). Outwardly the bed
resembles the basal ooid-calearenite but it tends to be shellier,
with Lucina bellops d'Orbigny, Acanthothirds grossi (J.F. Welker) and
Thecosmilia ep. especially prominent, end in detell it is not as grain-
rich, falling between Lithofacies A and B in allochem content,
although 1like B it is mud supported.

Although similar sequences characterise the Lincoln Member
in gentral Lincolnshire, variations do oceuwr, At Hermston (SK 992619)
the Lincoln Member is almost entirely composed of "elean", skeletal
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o0oid=-galearenites, which reflect a more agitated environment than

is normally the case in this member. Towards the top of this sequence
however, some mierite infilled burrows and micrite lenses (ripple
trough infills) also occur. Away from Harmston, the effects of the
increased azitation are progressively lost with the caleilutite part
of Lithofacies B becoming more prominent towards Lincoln, In the
Dean and Chapter Pit (SK 977734) the caleilutite is developed to its
best effect and ineludes a largely "in gitu" fauna, together with a
rich blostrome. BExcept at Harmston, Lithofacies A and B are
consistently developed between Metheringham and Lincoln,

Southwards from Harmston, a pronounced facles-sequence
change occurs, In the Isadenham-Ancaster-little Ponton-Ropsley region
(Fig.2.1,) Lithofacies A rapidly grades through the burrows ooid-
calearenite facles of Lithofeeies B into the pure "lagoonal" eslei-
lutites of the Ropsley Beds. No ecapping ooid-calearenite (Lithofacies
B) is developed in this area.

Iv.5.d.41.Zouth Jingolpshime: At Stainby, on the south-western flank
of the "Ropsley lagoon", the Lincoln Member has the following sequance:
(FPige4499.)1

(1) The typical basal, ooid-galearenite (Lithofacies A)
also encompasses the fossiliferous "lag" which 1s so characteristic
of the member in south Lincolnshire, The distinctive horizon is
especially well eveloped at Stainby, where the deceleified Thecoamilia
sp. occur abundantly as iron-stained moulds in the heavily weethered
base (Figs., 101 and 102). BElsewhere (e.ge Greetham, SK 933146) L,
bellons and esmall gastropods also occur at this level but it is the

Ibecosmilis 8p. that meke the horison so distinetive and easily
traceable.
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(2) Above the basal oolite the sequence passes quickly
through a "transitional" grain-poor, ooid-calearenite into grey,
impure caleilutites (Lithofacies B), that have small, articulate,
terebratulids as the dominant faunal constituent. At the very top of
the member oolds and skeletal debris increase again,

Elsewhere this reversion to more grain-rich, buff-coloured
1lithologies (mostly ooid-calcarenites: Lithofacies A) at the top of
the member is more pronouneed and the caleilutites are consequently
less well represented. As with centrel Lincolnshire, this facles
pattern seems to be related to the presence of oolite shoals (whiech
are not actually represented in the Lincoln Member), For example,
eastwards of the caleilutite-rich Clipsham~Castle Bytham-Little Bytham
area (Fig.2,1.) the "clean" and "dirty" ooid-calcarenites of the
Seottlethorpe sequence (TF 046204) suggest the presence of an oolithe
generating zone somewhere further east. Similerly the more southerly
Greetham and Woolfox (SK 9511%8) sections, which are also dominated
by ooliths, indicate another shoal off to the south (?), The environ-
mental setting of these beds and the significance of the facles
changes are more fully discussed in Chapter V.

.5.e. Jabopakory descriptions of the lilhologigs.

The most distinetive feature of the Lincoln Member is its
lithological wariability., In particular the quantity and nature of
the grain types renge widely and this, together with the gredational
nature of the lithofecies, has made the categorisation of lithofacies
difficult, Essentially, the compositional range extends from oolitie
grainstones to fossiliferous mudstones, The latter have been
separated off as the Ropsley Beds and Little Bytham beds, while the
grain-supported oolites (which are typical of the base of the member)
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have been designated Lithofacies A, The remaining "transitional”
lithologies, compositionally diverse but texturally wackestones,

have been incorporated into Lithofacies B (B was designated in

section IV.5.d. primarily because of the stratigraphic importance of
that particular bed; compositionally and texturally it readily fits
into B). The principal characteristics of Lithofacles A and B are
shown in figures 4,105 and 4.104, while those of the Ropsley Beds and
Little Bytham beds are dealt with separately in later sections.
IW.5.e0ie Lithofacies A: This is the ubiquitous basal lithofacles of
the member, which is usually composed of oolltlc or skeletal oosparites
(Pig.4.105), which are texturally grainstones or packstones. Although
oal ithsae the dominant allochems, bloclasts, oncolites, intraclasts and
peloids also occewr in verying proportions (Pigs. 4,105 and 4.,104),

The distinctive spherical to ovoid ocoliths are characterised by a pale
greenish-brown colour and fine concentric laminse, Most have

skeletal nuclei (commonly bivalve bioclasts), although peloids are
often the nuclei of the superficial ooliths, which are dominant in
some beds (WQ D1)., Bivalves and gastropods (sparite-pseudomorphs)

ere the commonest bioclasts, with foraminifera (micritised skeleotons),
brachiopods, worm tubes and rare echinoderm fragments also occurring.
Although some grains are preserved "free" most have micrite-envelopes
and many are nearly completely micritised. Only the caleitic forms
have any original skeletal material preserved. The oncolites, which
are usually identified by their aceretlonary micritic coatings tend
to be large greins and on occas iops are not readily separated from
intraclests. The allochems of these rocks are bound by two
generations of cement: an early, acicular rim-cement predsting a blocky
infilling sparite. Some micrite 1s also present and 1s dominant at
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some levels (5Q Dla).

IV.5.e.11.Lithofacdeg 5: The relative abundance of the different
alloghems and the total amount of greins very in this lithofacies,
encompassing a number of lithologies,which are textwrally wackestones.
Oncolites are usually dominant (oncolitic biopelmicrite, Fig.4.106),
espeelally in the more grainerich lithologies but in the "calecie
lutites”, bioclasts are the commonest allochem with oncolites
subsidiary (oncolitic biopelmicrite; Fig.4.107.)s FPeloids, which
from their variable size and shape eppear polygenetie, can be an
important constituent of the rock. In places they are not always
clearly differentiated but appear to have coalesced to contribute to
the micrite matrix, Elsewhere they are seen tightly packed with a
sparite cement. As with Lithofacies A, the bloclasts are mainly
provided by bivalves, brachiopods, worm tubes, foraminifers and
echinoderms, and the oncolites are typified by their large sise,
irregular shape and discordant growth-rims, which ecat the core-grain.
In many cases this appears to have been ocoliths,which were presumably
vashed-in to this "quieter" enviromment. Micrite forms the matrix
throughout, Lssentially, the lithologles of this facies range from
grain-rich oncolite-dominated wackestones (Fig.4.106) to skeletal-
rich, grain-poor wackestones (Fig.4.107.).

Lithofacies B is very similar to the more grainerich litho-
logies of Lithofacies B, although the inoreased importance of ooliths
(Fige4.10%,) and oceas ional primary sparite-cemented areas make it
rather closer to Lithofacies A than most B's lithotypes,

IV.5.f. Fauna.

The degree of post-mortem transportation suffered hy the

faua of the Lincoln Member appesrs to depend on the organisn's sub-
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-strate-niche and the "energy" of the enclosing deposit., Generally
there is little sign of major transportation and much of the fauna,
if not actually "Jn _aitu" seems to have been reworked within its
original area of colonisation, BExcluding the Ropsley Beds the
Iincoln Member is only patchily fossiliferous, with the feuna (Fig,
4,108) largely concentrated in the more caleilutitic levels. This is
probably because the oolites represented an unstable substrate,
prohibitive to ecolonisation.

Four aspects of the fauna are of particular notes

(1) The base of the member in south Lincolnshire is
especially striking for its abundant, often decaleified, Thecosmilia
spe specimens and associated L.bellons and gastropod fauna. Wwhen
decaleified the Lhocogmilla sp. appear as dark brown, iron-stained
moulds in the roek (Fig,4.101.): All the fauna of this basal level
appears to have been "rolled" but the asbsence of severe breakage
suggests a "reworking” rather than large-scale transportation. This
distinectiveness and traceability of this horizon has made it the
most important stratigraphical level in the Lincolnshire Limestons,
large Ihalassinolideg sp. networks are also seen on the base in both
south and central Lincolnshire.

(2) The remainder of the Lincoln Member im south Lincolnshire
is poorly fossiliferous except for the largely sparite-replaced
colonial coral heads and small, distinctive terebratulids, These are
mostly articulated with sparite or geopetal infills and in places,
e.g+ Woolfox, where they occur in clusters, the (monospecific ?)
brachiopods have a noticesble size verlation, despite their overall
smallness. The brachiopods may therefore be original life groupings
especlally as they oceur in lower-energy, mud-supported ooid-calear-
enites.
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(3) At Lincoln, the lower-energy, mud-supported ooid-
calearenites and impure caleilutites show two contrasting, substrate-
related faunas. The beds at Greetwell contain a mixed epi-and in-
fauna) assemblage (Fiz.4.109), which reflects a soft, yet stable
substrate. The "in gitu" deep burrowers and the largely whole
(disarticulsted) velves of the epi-and shallow infaunal bivalves,
indicate that the fauna is indigenous to the beds in which it is
found, By comparison, at about the same horizon in the Dean and
Chapter Pit sequence, there 1s a shell accumulation that is dominated
by epifaunal orgenisme (Fig.4.110). This structure appears to have
been a "shell bank" biostrome rather than a patch-reef because it
does not transect any bedding planes and the corals do not form a
framework. However it 1s likely that the carals helped tc stabilise
dead bivalve shells snd initiate the development of the biostrome,
which then provided niches for hard-substrate dwellers like
Symmetrocapulug sp., lLopha =p. and Qhepoghreqn sps« Besides providing
debris for the bank, byssate forms, often assoclated with the soft
bottom assemblages, probably also took adventage of the reedily
avallable attachment sites and in turn contributed to the buildeup
of the shell bank, Away from the blostrome the more typical mixed
epi-and infaunal, soft substrate essemblage also occurs at the Dean
and Chapter Pit.

(4) The topmost bed of the Lincoln Member in eentral
Lincolnshire is thought to be the Lower Crossi Bed of Kent (1966,
fige 1.)s Tt contains the typieal jgsnthothipds crossi (7.F. Welker),
abundant L.bellong end Thecosmilis sp. described by Kent (1940, p.50).
.5.g. Discusgion.

The Lincoln Member is particulsrly important becsuse of
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the widespread traceability of its base,which forms a distinctive
lithostratigraphic merker horizon, In addition, the base of the
unit appears to be a significant biostratigraphic divide, separating
the gyalis Subzone ammonite faunas of the Lincoln Member (and above)
from the disgites Zone assemblages below (Chapter ITI)., Together
these factors make the base of the Lincoln Member the most important
stratigraphic horizon within the whole of the Lincolnshire Limestone
Formation,

v.5.h. Status of the gubdivisions of the Lincoln Member.

Within the Lincoln Member there are two, geographically
isolated occurrences of a distinctive chalkyewhite caleilutite 1litho-
facies, which warrant recognition as separate units: the Ropsley
Beds and Little Bytham beds, In both cases the beds have largely
gradational contacts with the enveloping Lincoln Member and the
limits of the units are arbitrarily defined in many localities. The
boundaries have been chosen to preserve the "purity" of the calei-
lutite lithofacles within each unit,

The Ropsley Beds have been given formal status because they
form a geographically and geologieally coherent subdivision (Hedberg,
1976). However, the Little Bytham beds have only been afforded
informal status because of their restricted geographical range; the
beds have only been seen in the Little Bytham pit., As it is not
known whether this restricted occurrence reflects their true
distribution or whether the beds are part of a more widespread unit,
the informal terminology would facilitate any nomenclature change that
might be necessitated when the problem is resolved. For example, if
the beds were shown to have a wider distribution they could be
formalised in the same way as the Ropsley Beds, Alternatively, if
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linked to the Ropsley Beds, they would become part of that unit or
if really limited to the Littls Bytham area, they would be left
undivided, as part of the Lincoln Member.

IV.5A  ROPSIEY BEDS.
Iv.5A.a. JIntroduction.

The Ropsley Beds, composed of thinly-bedded, white calei-
lutites with interleaved marl partings, occur as a lensoid mass
within the lLincoln Member of mid-Lincolnshire (Fig.2.2,). Ropsley
(TP 002364) has been preferred as the type section because it shows
a relatively thick (0,84 metres), clearly definable sequence (Figs.
4,1, and 4,111,).

Iv.5A.b. Former Terminology.

The similarity of the caleilutite lithofacies forming the
Ropsley Beds and leadenham Member has resulted in their classification
together as part of the Cementstones (Kirton Beds) of Richardson
(1939b), the Cementstones of Kent (1940 and 1966), Kirton Cementstones
with Acanthothiris crossl of Wilson (1948) and Kirton Cementstones of
Evans (1952), However, the two units ocecur at different strati-
graphical levels, invariably separated by the basal oolite of the
Lincoln Member (Fig.4.100), and have dissimilar geographie
distributions, the Ropsley Beds being restricted to mid-Lincolnshire
(ef. Figs. 4.80 and 4.112), Where their distributions overlap the
Ropsley Beds probably form much of the upper part of the various
"Cementstones” units, Further south, however, beyond the southern
limit of the lsadenham Member, the Ropsley Beds may constitute
practically all of the "Cementstones". Certainly the Cementstones at
Little Ponton (Kent, 1966, p.65) more or less equate with the Lincoln
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Member (inecluding the Ropsley Beds, see Fig.4.l.). Nowhere are the
Ropsley Beds equivalent to the Crossi Beds of any of the authors
cited above.
Iv.5A.e. Geographical and Geologigal Extent.

As the Ropsley Beds are completely enveloped within the
Lincoln Member, their NeS limits are fairly easily defined (Fig.4.l.).
However the E-W distribution of the beds is less readily documented
because of outerop failure in those directions.

From their centre of developrent in the Ancaster area, the
Ropsley Beds can be demonstrated to taper away southwards vi: Ropsley
and Little Ponton (SK 930320) and northwards via leadenham (SK 962523),
although in each instance the thinning is extremely gradual (Fig.4.112).
As the contacts between the Ropsley Beds and the Lincoln Member ere
practically all gradational, the limits depicted for the northern and
southern margins of the beds in figure 4,112 are the natural
depositional limits of the "lagoonal" sediments, Although more
oolitic sediments border the "Ropsley lagoon" to the north and south,
the division between the two facies is not sharp because the Ropsley
Beds represent the "purest" development of the "lagoon" and peri-
pheral grainepoor ocolites form a transitionsl facies with the more
agitated oolites (Chapter V). However,at Copper Hill Quarry, Ancaster
(SK 979427) there is an exception to this gradational pattern, Here,
the top of the Lincoln Member and the unknown part of the Ropsley
Beds have been removed by the downcutting of the Sleaford Member
(Figs.4.1, and 4,115,), The undulating contact, which cuts across
several beds, appsars to have been lithified prior to the deposition
of the Sleaford Member sediments, as it has been colonised by boring
bivalves., The small, oolith-infilled bores stand out sharply against
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the chalky-white ealeilutites (Fig.4.114.). The signifisance of
this douncutting is discussed in Chapter V.
IV.5A.d. Fdeld description of lithologles.

The Ropsley Beds consist of interleaved, thinly-bedded,
vhite to grey caleilutites and browun clay or merl partings (Fig.4.111).
Although often devold of any inorganic grains, the limestones contain
a variety of fossils and bloclastic debris, which has mostly been
derived from the breakdown of brachiopod, bivalve, gastropod and
coral skeletons, At some localities, e.g. Ieadenhem, peloids and
irregularly-shaped limonitic brown ooids (oncolites 7) speckle the
rock; the oolds usually occur randomly scattered or in clusters.

Now here do the allochems form a significant part of the rock, the
bulk of which appears to be micrite., Rare, discrete burrows and more
common bioturbation are also seen,

IV.5h.e. lobopatopry descripiion ofrlithologles.

Typleally, the Ropsley Beds are composed of biomierites,
which texturally are wackestones or mudstones (Fig.4,115.).
IV.5A.e.4.0xadng: In addition to the dominant, bimodal, skeletal
allochems,rare wood {lakes, micritised ooids and silt grains are present
with more common peloids. Brachiopods, bivalves and, to a lesser
extent, gastropods are the dominant skeletal components. The brachio-
pods mostly punctate terebra tulids, retain their general skeletal
composition and structure, but the largely aragonitic molluses are
preserved as sparite pseudomorphs. In the case of the gastropods,
the pseudomorphs are of two kinds: where the original internal cavity
of the gastropod has been infilled with micrite, the pseudomorph is
of the shell alone, but where no inflling has taken place, a
sparitic cast of the gastropod's entire volume has resulted. Worm
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tubes, and Bryojoa ere minor constituents. The skeletel grains are
very variable in size (up to 10.4 mm.).

I7,5A.0.11,.Matrdx: the matrix sppears to be mieritic but there ere
patches of ineipient alteration to microspar and also denser micritie
areas, which may have resulted from the coalescence of peloids; the
size and shape of whick suggest that they were probably faecal pellets.
Overall, though peloid-coalescence does not appear to have been
responsible for much of the micrite.

The often patehily "churned” appearance of the micrite
strongly suggests bioturbation.

Iv.6A.f. [Faung.

The envirommental conditions prevailing during the de-
position of the Ropsley Bede were favourable for marine benthonie
invertebrates and quite a diverse fauna flourished. In eddition to
the forms from Ropsley recorded in figure 4.116, Thamnasteris ep.,
Ihecosmilia sp., [holadomya lirata (7.Sowerby) and oysters have been
found et other localities. The fauna generally is thought to have
suffered little post-mortem transportation because:

(1) the brachiopods and bivalves show a high erticulation
ratio,

(2) few fossils show signe of wear or breakage,

(3) eome forms ocewr in their positions of life, e.g.
Iheladomya,

(4) the disarticulated valves of biwalves and brachiopods
have a random orientation. Current activity and transportation
would have concentreted them into a convex-up, current-stable
position.

() at Ropsley the sbundant "Jeprebratula" sp. specimens



151

have a wide size varistion along a single horizon, within a bed,
suggesting little ecurrent sorting has oeccurred.

In generel the fauna occurs randomly scattered throughout
each bed but in one bed at Ropsley there is a tripartite subdivision,
The basal layer is densidlfy packed with apparently monospecific tere-
bratulids, vhich are mostly articulated (247 of the 36 specimens
counted), sparite-infilled, and of several different sizes, Together
these factors suggest that the brachiopods represented an original
population, comprised of a number of spat-falls, A few other forms,
1ike Mactromys spe are also present at this level, Above the tere-
bratulids, the bed 1s berren (of mscroscopic invertebrates) but the
highest level contains a lucine bellong d'Orbigny - Montlivaltis sp.
assoclation, Such e faunal succession, within a single bed, would
seem to exemplify the "time-averaged community” concept of Walkey
and Bambach (1971) for no obvious lithologiesl changes take placve
within the bed to ppomote the succession. Furthermore, the overall
similarity of the limestones suggest a stable environment regime
existed throughout the durstion of the Ropsley Beds deposition,

Although, sedimentologically very similar, the Ropsley
Beds and leadenham Member have distinctly different faunas, the
former is dominated by epifaunal orgenisms, especially terebratulids,
vhile infeunal and semi~infeunal bivalve molluses form the prineipal
component of the Isadenham Member assemblages., Such a sharp
difference in biotopes betwsen almost identieal lithofacies of a
similar age seems unusual, especlally as the substrate ought to have
been very similar. The presence of occasional Eholadomys end the
raether more common ocourrence of other infaunal bivalves, like L,
2ellong ergue against the possibility that "substrate hardening®
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might have been responsible for the difference. However,the
dominant terebratulids, which have smooth, thin shells, typical of
quiet-vater environments (Fursieh end Hurst, 1974) show none of the
adaptations that Pursich and Hurst (1974) thought indicative of
"soft, muddy substrates", and it msy well be that the Ropsley Beds'
substrate was firm without being prohibitive to burrowing; in
comparison the lLeadenham Member "bottom" must have been quite soupy
@ee Chapter V). In addition, the pedicle foramina of the Ropaley
brachiopods are quite large, suggesting they attached themselves
firmly to the substrate (or holdfast). However there is little
reason to suspect that the strongly developed pedicle reflected an
adaptation for turbulent conditions (Fursich end Hurst, 1974) because
of the general sedimentological setting. The pedicle is more likely
to have been retained to stabillse the small, thin-shelled tere-
bratulids, which show no other morphological features compatible
with such & function, This role would seem epplisable regardless
of whether the brachiopods were small edults or juveniles.

IV.5A.g. QRiscussion.

Although lithologically similar to the leadenham Member,
the Ropsley Deds have been seperated from that unit for the following
reasons:

(1) The two subdivisions occour at distinetly different
stratigraphical levels (Fig.2.,2.), Furthermore, the erosive bese of
the Lincoln Member, which inveriably separetes the units, is se
videspread that a contiguous relationship between the two is unlikely
to have been developed elsewhere,

(2) The two units have dissimilar geographie distributions
(ef . Figs.4.80 and 4,112),
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(3) A number of faunal differences also distingulsh the
two lithofacies.

In contrast the stratigrephical coherence of the Ropsley
Beds and Lincoln Member is suggested by their gradational contact
and the fact that the Ropsley Beds are completely enveloped within
the member, Despite this the lithologleal distinctiveness of the
Ropsley Beds warrants some kind of individuel recognition

Iv.58.  LILTIE BYTHAM DED3.

Iv.5B.a. Introducticn.
The type and only section of the Little Bytham beds ocours

in Little Bytham Quarry (TF O13178; Fig.4.117), south Lincolnshire,
The ehalky-white, thinly-bedded caleilutite sequence (0.77 metres
thick) is completely enveloped within the Linecoln Member (Fig.2.2,).
IV.5B.b. Rormer Terminology.

Although Little Bytham Quarry is rarely mentioned by the
20th century workers, the Little Bytham beds probably formed part of
the Nerines Beds (Richardson, 1930a), Cementstones (Kent, 1966),
Oolites (Swinmerton and Kent, 19768) and the "umnamed beds with
Pholadomys Bed" (Hollingworth and Taylor, 1951), However, where
they fit into the scheme suggested by Kent (1940) is not so apparent,
as he never clarified the stratigraphy of southern Lincolnshire., In
particular the geographisal range of the Cementstones is rather
confused; at ome point Kent (1940, p.52) claimed that the Cementstones
ocourred at South Witham (SK 917189) but later suggested that "...ee
they came in a little to the north of Grimsthorpe ", 1.,e. north of
South Witham (Fig.2.1.). As thds ambiguity was never resolved, it is
difficult to know whether the Little Bytham beds' level was occupled
by the Cementstones or Little Ponton Beds of Kent (1940).
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Although the Little Bythem beds are only seen at Little
Bytham, some indication of their possible extent is gained from the
sequences in nearby quarries. No comparable lithofacles are
developed in the Lincoln Member at Scottletherpe (TF 046204) to the
north-east), Castle Bytham (SK 990180, to the west) or Woolfox
(3K 951136, to the southewest), Therefore, Af the Little Bytham beds
are part of a larger unit, they can only really expand to any extent,
southuards or south-eastwards (Fig.2,1,), although a thin, northward
projecting tongue could be developed to the west of Scottlethorpe.
Alternatively, the beds mey just be a very localised development
around Iittle Bytham,

Despite the simllarity of the stratigraphic position and
1ithofacies of these and the Ropsley Beds, there is no evidence that
the two units link up, unless they do so via a "hidden" eastward
brangh or through the possible northern "tongue®, postulated above,
1v.58.d. Degeription of lithofacles and faupa.

The Lincoln Member sequence at Little Bytham is
reminiscent of that at Ropsley; a basal grainerich, ooid-calcarenite
grades up into pure caleilutites, which form the Little Bytham beds.
The unit is composed of a series of thinly-bedded, chalkyewhite
caleilutites in which only rare ooids are scattered, together with
dominant skeletal greins, Only tiny gastropods appear to be common
and the beds are not fossiliferous,

V.6,  SCOTTIETHORPE MEMBER.
Iv.6.0. Jntroduction.

The Scottlethorpe Member consists of a variable suite of
oold-bearing lithologiee, which frequently contain Aganthothiris
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grossi (7.7, Walker), The sequence (2.1 metres thick) at
Seottlethorpe Cuarry (TF 046204) has been preferred ss the type
section, Although the base is sharp and easily picked out (Fig.4.
118), the top lies withina gradational sequence up into the upper
Iincolnshire Limestone; 4t is arbitrarily drewn at the first
recognisable hreak in the suecession (Fig.4,118,).

v.8.b. Former Terminoloscy.

This essentlally new unit includes part of the geographical
range of the Crossi Beds (Kent, 1940 and 1988, but not the Upper and
Iover Crossi Bed of Kent, 1966, fig.l.; Swinnerton and Kent, 1576;
and Hollingworth and Taylor, 1951), and Acanthothiris crosgl Beds
(Pvans, 1952), However the thickness of the Seottlethorpe Member
(PMg.4,1,) exceeds that of the Crossi Beds (Kent, 1940, p,50; and
Hollingworth and Taylor, 1951, p.18) by such a degree that the two
units are obviously not stratigraphically identical even where they
coincide. The member probably ineludes part of the units which were
adjacent to the Crossi Beds., For example, the lowest few centimetres
of the "Bastard Mreestone" at Castle Bytham (SK 990180) see Kent in
Sylvester-Bradley, 1968, p.223) is now certainly part of the
Secottlethorpe Member. The lack of other detalled sections makes
further precise comparisons impossible, but the Scottlethorpe Member
most likely encompasses the lower part of the old "Upper Lincolnshire
Limestone” generally in southewest Lincodnshire, for the relation-
ships at Castle Bytham are typlea! for that area., In comparison the
member has no connection at all with the Crossi Beds of any
deseription (see Kent, 1966, fig. 1) north of leadenham,

.6.c. Coographical and Ceological Extent.
In south Lincolnshire and nsighbouring parts of leicester-
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-shire the Scottlethorpe Member occurs sandwiched between the
Iincoln Member and various units of the upper Lincolnshire Limestone
(Fig.2.2,). Along the western belt of quarries running northwerds
from Woolfox (SK 951136) to Sproxton (SK 866253, Fig.2,1.), the
member meintains a fairly constant thickness (approximetely 1.7 metres)
with only a few signs of "mild" erosion by the overlying Cestle Bytham
Member; for example at Woolfox the corals in the uppermost bed of the
Scottlethorpe Member are sharply truncated. BEastwards from these
quarries, the unit thickens (Fig.4.119) and has a grodational contect
vith the Castle Bythem Member. This is clearly seen in the type
section (Fig.4.118), Further north from this area however, the
relationships become more complex; et Grest Ponton (SK 985303), the
Seottlethorpe Member has been completely removed by the erosive down-
cutting of the Sleaford Member, which rests on a level low in the
Iincoln Member (Figs. 4.1. and 4.120). A perallel situation to this
1s also seen at Copper Hill Quarry, Ancaster (SK 979427, Fig.4.113),
while at the nearby Castle Quarry (SK 987435), the downcutting has
only penetrated into the Scottlethorpe Member itself., These doune
cutting relationships are relatively localised however because in the
intervening sequences (Ropsley, TF 002364 and Little Ponton, SK
930520) a more typical (complete) succession is seen, with the
Seottlethorpe Member sandwiched between the lLincoln and the Metheringham
Members.

To the north of Ancaster, the stratigrephic level of the
Seott lethorpe Member is not seen until one reaches Metheringham
(Fig.2.24)s No Scottlethorpe Member is developed here or further
north, However,at Harmston (SK 992619) a thin marl band, between the
Iincoln and Metheringham Members, is believed to be the western
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feather-edge of the Lindsey Shale and this is replaced eastwards by
the limestone which may be the most northern extension of the
Seottlethorpe Member, This interdigitating relationship between

the Scottlethorpe and Lindsey Shale Members (Fig.4.l1.) is more fully
discussed in section IV.7. Regardless of the Harmston section, it
is elear from general stratigrephieal relationships that the
Seottlethorpe Member does not persist far into central Lincolnshire;
its possible distributional trends are summarised in figure 4.119,
v.6.d. [leld description of the lithologies.

In the type sectlon, the Seottlethorpe Member,which has a
sharply erosive base, is represented by the following sequence: the
basal part of the unit is composed of poorlyesorted (skeletal) ooid-
calearenite (Lithofacies A)s The ooids are varisble in size and
shape, Bivalves, brachiopods and, to a lesser extent, gastropods
contribute to the skeletal delbwrils, which 1s often a signifisant part
of the rock, This grain-rich, coid-salcarenite grades wp into a
grain-poor, ooid-calearenfte that is typified by straw-coloured ooids
speckling a grey, micritic matrix (Lithofacles B)., The poorly-sorted
allochems, which are similar to those of the basal lithology, have
an uneven distribution throughout the rock, At some localities this
level 1s quite shelly, Higher still in the sequence, the percentage
of grains diminishes further and only a few ocoids ocewr, seattered
in what is essentially a grey caleilutite (Lithofacies C). These
beds are exceedingly fossiliferous with [gcina bellong d'Orbigny,
the celebrated j.grossi,Thegosmilis sp., and very common terebratulids
typifying the unit., The progressive decrease in energy conditions

reflected in this sequence 1s reversed towsrds the top, where a
fairly rapid transition beck to "eleaner", grain-supported coid-
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~-calearenites occurs. This reversal is accompanled by an inerease

in grains and decrease in faunal content, such that the besal and
top part of the sequence are virtually identicgl. To soms extent
however this symmetry is induced because the gradational upper limit
of the member is drawn at the first "break" within the oolitic
sequence that composes the lower/upper Lincolnshire Limestone
junction here and in south-western Lincolnshire generally (Fig.4els).
In perticular, very similar transitions are seen at Castle Bytham
and Little Bythem (TF 013178), However,in the more westerly quarriss,
especially Woolfox, Clipsham (SK 978154) and Stainby (SK 910233) the
reversal to ooid-calearenites at the top is "missing" and the
Seottlethorpe Member is truncated by the Castls Bytham Member. It
would appear from the general stratigraphical relationships, that
the erosion invelved was only slight., GSimilarly the rather sharply
erosive base of the member, seen at Scottlethorpe, is not always so
readily demonstrated, 4 clay band often intervenes between the
Lincoln and Scottlethorpe Members, although its pertial removal

and the generally irregular base of the unit suggests some erosion
bas taken place, if only slight., Only at Castle Bytham is there any
real evidence of a gradational lower contact to the member,

Further north, betwsen Little Ponton and Harmaton, the
ideal sequence occurs in a modified and less constant form. The
gradual transition from poorly-washed, grainerich, ooid-calearentites
to fossiliferous calecilutites is replaced by a rather more rapid
gradation, which equally swiftly reverts via a grein-poor, ocold-
calearenite phase to grain-rich, oold-caloarenites, giving e
symmetrieal, sedimentary pattern (e.g. Castle Quarry, Ancester).
However, the erosive downcutting of the upper Lincolnshire Limestone
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affects what is seen of thils sequence, although the lithologies

involved are essentially the same as those seen in southern Lincolne
shire,
Iv.6.e.

Although in troad field terms the member appears to be
represented by three llthofacles, in detail the included lithologies
represent a diverse spectrum of compositions el textures.
Consequently the dividing lines between the lithofacies are not
sharply defined. Fssentially Lithofacies A and C represent the end
members of a facles gradient , with B encompassing the "transitional”
lithologles. Figure 4,121 shows the "typleal" charscteristics of
each of the lithofacles.

IVv.6.0.1, Lithofaclag A: The typieal lithology of this facies is an
ill-sorted, skeletal oosparite (Figi4.122) containing subsidiary
intraclasts and rare peloids, Although rather large, the ooliths

ere readily recognised by their pale yellowishegreen, concentric
laminee; they are not oncolites, Most of the larger ooliths are
superficlal in type, while the smaller ones tend to be "normal"; both
types have ckeletal nuclel. Rare composite ooliths occurs The
skelotal grains are equally variable in size; caleitic bioslasts,

like terebratulids, retain their original composition and structure,
but the aragonitic shells (bivalves and gastropods) have been replaced
usually being preserved as sparite pseudomorphs, with micrite-
envelopess Iryoica, foraminifera (mieritised shells) echinoderm
fragments and worm tubes also occwrs The intraclasts tend to be
large, composite grains, some of which, because of micritic riums,

may be oncolites. Although in places peloids eppear to have coalesced
to give a "pseudo-micrite" matrix, quite clear sparite cements the
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rock and only subsidiary amounts of mierite are present.
Texturally the rock is a packstone. Elsewhere, (Ropsley) this
1ithofacies 1s represented by an oolitie biopelsparite (packstons)
in which rare, large ooliths (0.6 to 1.4, mm,) and bioclasts with
micrite-envelopes are set in a wellesorted mixture of smell skeletal
fragments (0.1 to 0.7 mm,), ooliths and dominant peloids. The
latter are probably polycenetie, being a combination of faecsl
pellets and mieritised bioclasts or ooliths. Bivalves are the most
common skelotal fragments.

Although the base of the member is usually oceupied by
Iithofacies A sediments, lithologies gradational with Lithofacies
B ean oceur. For example, a’ Stainby, the basal bed 1s a graine
rich wackestone (bio-oomierite) with sub-equal amesunts of oolithe
and bloclasts. The intraclast and peloid contents are variable.
A rather uneven grain distribution results in some sparite-cemented
grain-supported patehes, but a micritic metrix is usual. The grain
content and preservation is very similer to that of the "typieal
1ithology" .
IV.6.0.41,lithofagles B+ This facles, being intermedisry, is
probably the most variable of all, Essentially, it encompasses
grainerigh, mud-supported rocks, with widely verying grain types.
However, in its "typieal" form the facies is represented by a
skeletal oomiorite (Pig.4.123), in which the dominant ooliths are
of three categories: "normal", where the concentric laminae compose
the majority of the grain, "superficial", where the coatings rim
a large nueleus, and "composite" where two (rarely more) ooliths
have been incorporated with an enclosing oolith rim, In all eases
the nuelei are skeletal (bivelves, brachiopods, echinoderms,
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gastropods and Bryo3oo which elso occur as uncoated grains).

Rarer, large, composite imntraclasts and "micrite~lumps" (oncolites ?)
are also present. Wellepacked, grain-supported patches are seen
with a sparitic cement, but overall the rock has a micrite matrix
end is mud supported. Varistions from the "norm" include: a
"mixed-grain” biomierite (SQ E2),whiech is a grain-rich wackestone
with varying amounts of subsidiary oncolites, intraclasts and ooliths.
This lithology is transitional with Lithofacies C,
Iv.6.e,144,Lithofacleg Ct This is perhaps the least variable of

the lithofacies. The typieal lithology, a biomierite (Fig.4.124)

has abundant skeletal grains showing all grades of comminution,

which are probably due primarily to biological rather than mechaniecal
breakdown, Brachiopods (terebratulids and rhynchonellids) and
bivalves are the dominant forms but gastropods, corals, worm tubes,
foraminifera, Brycjoaand echinoderm fragments are also seen, The
caleitic skeletons have retained their original composition/
structure, but sparite pseudomorphs represent the formarly aragonitic
skeletons, like bivalves, Polygenetic peloids (faecal and mieritised
grains), oncolites and ooliths make up the rest of the allochems,
Bioturbation is suggested by the "churned" appearance of the matrix,
which in some places, appears to be developing from peloid coalesc~
ence, as faint, peloid-sized outlines can be seen in the micrite,
This interpretation is supported by the evidence in other slices
vhere sparite-cemented peloidalareas grade into what appears to be
coalesced peloids and finally into "mierite-with-peloid-outlines”,

It is possible that in some instances the rock msy be a"compacted
packstone” although it now appears as a wackestone, This more

allochem-rich and allochem~diverse lithology is transitional to
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the lithologies of Lithofacies B.
Iv.6.f. [Fauna.

Only the caleilutite beds of the Scottlethorpe Member
contain a noticeable benthonic fauna; this is dominated by luging
bellopa d'Crbigny, Plagiogtoms spp., Asgkosgi and terebratulids,

The more oolitic beds probably represented less stable substrate
conditions and consequently these beds are practically barren.

Within the caleilutites, the fauna shows few signs of
significant transportation. lMany of the species are articulated
(brachiopods and Lgbellong) with sediment or geopetal infills while
the disarticulated shells (epifaunal bivalves like Flagiostoma spp.
end Cgmptonectes sp.) are unbroken and have a random orientation,
i,e, not preferentially "convex-upwards”. Furthermore, some A,
Sressi specimens are preserved with their delicate spines intact.
However, the fauna appears to have been moved locally because,
apart from the colonial corals, no forms seem to be in their
position of life.

The majority of the species present are epifeunal; except
for the deep-bwrrowing Phioladomya lirata (J.Sowerby), the abundant
JLubellopa (mobile, shallow infaunal) and "Nerin ga" (semieinfaunal),
the remaining forms must have competed for space and resources
above the sediment-water interface. Colonial corals, mostly bored
by "Jldthophaga" spe, are e common feature of the unit, with the
rather unusual Jhegosmilia sp. bioherms (0.6 metres basal diameter
and 0,4 metres high) being present at Clipsham (SK 978154; Fig.4,125)
and Woolfox, These bioherms include an assoclated fauna of bivalves
and gastropods.

The following faunsl list has been compiled from
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collections made in the member, mainly at the Soil Fertility Quarry,
Clipsham (SK 978154)3

Brachiopods

Bivalves

Gestropods

Corals

Acanthotlixds crossi (7.F.Walker) abundant
"lerebratuls" sp. abundant

Lucina bellona d'Orbigny very abundant
Rlaglostoms rodburgensis (Whidborne)
Eacrigklovensis (Cox)
Eoxichardsonl  (Oox)

Elaglostoma sp.

Eheladomya lirata (J.Sowerby)

Jopha spe

Lithophaga sp.

Camptopectes sp.

Chlamyg sp.

Isognomen isognomoides (Stahl)

Natdes =p.

Dactroptvxis ? baclillug d'Crbigny
Eseudomelanda (Conie) lakuisouls (Morris and Iycett)
Alarda 1 roubgletd Schlumberger

Alarda 2 pingulg Hudleston

Jdsagtraes sp.
Ihecospdlia sp.
Chomatoserig sp.

Iv.6.g« Digguasion.

| Although the Scottlethorpe Member encompasses some of the
strata that formerly constituted the Crossi Beds in southern
Lincolnshire (Kent, 1940 and 1966; Hollin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>