A new Bathonian (Middle Jurassic) microvertebrate site, within the
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DARTNALL, D. L. 1992. A new Bathonian (Middle Jurassic) microvertebrate site within the
Chipping Norton Limestone Formation at Hornsleasow Quarry, Gloucestershire. Proceedings
of the Geologists' Association, 103, 321-342. Detailed sampling of a bipartite clay lens within a
karstic hollow at Hornsleasow Quarry, Gloucestershire, has revealed an extensive fauna of
early Bathonian vertebrates. Both terrestrial and freshwater aquatic forms are represented.
The Bathonian of the Cotswolds (Oxfordshire-Gloucestershire) is producing information on
fossil vertebrates during a key episode in their evolution that is not well represented elsewhere
in the world. The taxa revealed in preliminary studies include some of the earliest known
salamanders, champsosaurs, lizards(?) and maniraptoran(?) dinosaurs. Other remains include
turtles, sphenodontids, crocodiles, pterosaurs, dinosaurs (sauropods, theropods, ornithopods,
stegosaurs), tritylodont mammal-like reptiles and 'eupantothere' mammals. The terrestrial
nature of the deposit, particularly the palaeokarst and overlying soils (with their indigenous
flora and fauna) suggest a period of emergence of the Cotswolds carbonate shelf in the early
Bathonian. The lower Bathonian Cotswolds environment is considered to have been one of
low-lying, coastal swamps with bayous, and to have had a hot and humid climate. These studies
will enhance our knowledge of the proposed localized Bathonian 'marine regression'.
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1. INTRODUCTION
The Middle Jurassic was a key episode in the
evolution of terrestrial vertebrates which saw the
replacement of primitive groups of amphibians,
reptiles and mammals by the modern groups
represented today. However, the Middle Jurassic
record of these taxa is poorly known: indeed, until
new finds were reported recently from China, and the
re-evaluation of the age of the Guimarota lignite
(Leira, Portugal) fauna from the Upper Jurassic
(Kimmeridgian-Oxfordian) to the ?BathonianCallovian (Milner & Evans, 1991) virtually the only
productive localities of this age anywhere in the
world, were in Britain. Despite the present incomplete record, these new finds are filling crucial gaps in
our knowledge of vertebrate evolution.
It was during the Middle Jurassic that the radiation
of many of the 'classic' groups of dinosaurs (large
theropods, sauropods, stegosaurs, ankylosaurs) took
place, replacing the older forms of the Triassic and
Early Jurassic (prosauropods, small theropods, basal
ornithischians). Other groups were making notable
advances, including frogs, salamanders, turtles and
mammals. Indeed, in 1988, Evans, Milner & Mussett
reported the oldest known salamander remains and, in

1990, they reported the earliest frog of modern aspect
(Evans, Milner & Mussett, 1990), from the Middle
Bathonian of Kirtlington, Oxfordshire. This site has
also produced the world's oldest champsosaur (Evans,
1989, 1990), a group of diapsid reptiles of uncertain
affinities known otherwise from the Late Cretaceous
and Palaeogene, and the first true lizards (Evans,
1991).
The Jurassic of the English Midlands has yielded,
over the past three centuries, a wealth of fossil
vertebrates from many other localities. The first
recorded fossil of a dinosaur found, a Megalosaurus
femur, was discovered at Cornwell, Chipping Norton,
in Oxfordshire from the Middle Jurassic Inferior
Oolite sequence (Plot, 1677). In 1987 an amateur
geologist, Mr Kevin Gardner, discovered large bones
(a fragmented hip girdle) and vertebrae in a recently
blasted clay lens within the limestone succession
exposed in Hornsleasow Quarry, near Stow-on-theWold (Fig. 1). Mr Gardner suspected the importance
of the fossils (since identified as the sauropod dinosaur
Cetiosaurus) , and collected a further 100 kg of
fragmented sauropod bone and one large serrated
theropod tooth (Megalosaurus).
Subsequent sampling from the site has revealed a
wealth of vertebrate fossils, small and large. The
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Fig. 1. (a) The extent of Jurassic outcrop in southern Britain, and (b) the location of Hornsleasow Quarry in the western
Cotswolds, with regional geology (based on British Geological Survey 1:50000 maps 217, 218, 234-6).

Hornsleasow site is of special interest in the context of
the Cotswolds Middle Jurassic since it lies at a
significantly earlier stratigraphic level than other
localities. The Hornsleasow vertebrate fauna is dated
as lowest Bathonian (Chipping Norton Formation,
zigzag Zone: Cope, Duff, Parsons, Torrens, Wimbledon & Wright, 1980; Fig. 2), while the Kirtlington
fossil beds are Upper Bathonian (aspidoides Zone and
hodsoni Zone) in age and the famous Stonesfield
'Slate' has been assigned a Middle Bathonian age
(progracilis Zone). Hence, Hornsleasow pre-dates
Stones field by two ammonite zones and Kirtlington by
five or six. The terrestrial nature of the site is also of
interest, as sedimentological and palynofloral interpretations imply that the vertebrate material is in situ,
suggesting that there was a significant retreat of
marine conditions off the west Midlands shelf, during
the earliest Bathonian.
The aims of this paper are to describe the
Hornsleasow locality, to outline the work completed
to date on the fossiliferous lens, to summarize the

stratigraphy, sedimentology and conditions of deposition, and to indicate future directions of the project.
2. EXCAVATIONS AT HORNSLEASOW
(a) The original discoveries and the excavation
Hornsleasow Quarry (or Snowshill Hill Quarry as it is
known in the earlier literature) is situated in the
northern Cotswolds some 5 km northwest of Stow
(UK National Grid Ref. SP131322; Fig. 1). It is
owned by Huntsmans Quarries Ltd, and is worked
occasionally for the Chipping Norton Formation
limestones (mainly oobiosparites with occasional
softer bioclastic intercalations; Fig. 3), used as
agricultural lime and building stone. The blasting of
this limestone, within the northeast part of the quarry
(Fig. 4; the cross-hatched area represents the extent of
the palaeontological excavation), had dislodged much
of a large clay lens, from which the scattered remains
were collected in 1987, and it also exposed the lens
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lying in situ within the limestone outcrop (Figs 5 and
6). Mr Gardner reported his discovery to the
Gloucester City Museum and after visiting the site,
D.L.D. (Deputy Curator) and R.F.V . (then Honorary
Geologic al Advisor) decided that the museum would
undertake excavation of the remaining lens.

In the past , most vertebrate sites were exploited for
their large bones only, but fortunately the modern
trend is towards searching for all sizes of vertebrate
fossils. The sieving technique has long been used to
find microfossils (Kiihne, 1946) but its popularity has
increased over the past few decades. Recently , this
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type of work has produced many new taxa from the
British Triassic and Early Jurassic (Freeman , 1976.
1979; Fraser, 1985, 1986, 1988; Ensom , 1977; Evans et
al., 1988; Milner & Evans , 1991). On the advice of
Paul Ensom and sieving expert David Ward , a trial
sample of the clay was washed for Gloucester
Museum. This produced many small bones and
crocodile teeth . It was decided that the whole clay
lens should be bagged and removed for later washing.
After controlled blasting had cleared the overlying
limestone from the clay lens, an excavation of the site
(Fig. 4) was carried out by a team of field
archaeologists, the Crickley Hill Archaeology Trust
(aided by a few voluntary workers), in February 1988
(Fig. ,7) . The archaeologists brought with them their
own careful field techniques, completely logging every
large find and bag of clay removed . The existing face
before excavation (Figs 5 and 6) showed a bipartite
clay lens about 0.8 m thick and 11 m in width. The
removal of the overlying limestones of the Chipping
Norton Formation was facilitated by a controlled
explosion by employees of Huntsmans Quarries Ltd,
and the bulk debris was carefully removed using an
earth-moving machine. Work continued by hand until
the top of the clay lens was exposed.
A 1 m2 gridded system was used on the site and
each find was photographed and drawn in situ , before

removal (Darlington , 1988). The site was excavated
stratigraphically, with each individual layer of clay
being worked separately (Fig. 7) , given a context
number and bagged according to the coordinates
system. Some sections of the site were temporarily left
unexcavated , enabling detailed drawings to be
completed (Fig. 8), showing the exact topography of
the lens and correlation across site of the individual
clay contexts .
The lens was seen to continue beneath the face and
a further area was blasted to allow a second dig. This
extended the site to a total area of 11.5 X 12 m. The
green clay (Figs 3 and 6) was difficult to remove : when
wet, it became sticky and when dry, it set as hard as
concrete. Depending on the prevailing weather, it
could be removed by trowel, shovel or power chisel.
The lower grey clay was the most fossiliferous.
The large sauropod bones (Fig. 9) were removed in
the standard manner: they were exposed from above,
strengthened with 10% paraloid B72 (a durable and
non-yellowing ethyl methacrylate co-polymer consolidant, obtainable from Conservation Resources
(UK) Ltd) in acetone, undercut, covered with a
separating layer of tissue paper, clingfilm or foil, and
encased in plaster of paris or by using spray foam .
Many large bones showed considerable shattering.
These were photographed and drawn, and each
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b~

Fig. S. The Hornsleasow Clay unit (HC) in situ, within the northeast limestone face (exact location of lens shown in Fig. 4).
Details of the lens include the irregular, and sharp base (a) and the rubbly, mixed sandy clay 'transgressive layer ' (b) directly
overlying the unit. Abbreviations as Fig. 4.

fragment numbered before removal, in order to assist
the restoration. Large pieces of wood were either
wrapped in clingfilm and bandaged or , if non-scientific
samples, were liberally treated with PVA .
Since 1988, the first site has been partly obscured by
land slip and rubble from subsequent excavation , but
erosion has further exposed the palaeokarstic surface
beneath the second site. New finds have been made by
prospecting over the excavated area and spoil,
including a mammal jaw discovered by Mr Gardner in
late 1990. Further details of the excavation procedures
are given by Darlington (1988) and Vaughan (1988,
1989).
(b) The sieving project
Some 20 t of potentially fossiliferous sediment were
bagged on the site . Of this, 3 t were tran sported to
Gloucester City Museum for processing. Financial

support for the project was obtained from the Curry
Fund of the Geologists' Association in late 1988 by P.
Crowther (Bristol City Museum) and R. J . G . Savage
(Dept of Geology , University of Bristol) in order to
employ a research assistant (R.F.V.) for six months
(commencing February 1989), to process the fossiliferous sediment.
The main sieving tank was constructed at the
museum and a second assembled at R .F.V .'s home to
the specifications of Ward (1981), with some
modifications. It consists of a large plastic grit bin with
two oscillating, and one rotary, garden sprinklers
fitted to the lid. Inside the tank are supports for the
trays of sediment , which are constructed from plastic
bakers' trays with large openings in the sides and
bottom covered with fine stainless-steel mesh of
350-micron and 430-micron grade. The trays are
supported in the tank , while water plays over the

327

A NEW BATHON IAN MICROVERTEBRATE SI T E

- 1m

N
~

--

l===~-~

~

~

,....!""',........""""'

~

~~~~~~><~;::>:::;?«~:::~ Jjl'

~

~

Stylolitic surface ~
~

~

~

~~~~~~~ ~

~

-

...... '"""'.--.-....... '""""\...... ......--:-.-

~

~""I'

~::.~ -~~~~~~~-

I

I J. T

I

-;:::l.
~

~

I

~

--:..,

::;...-~T

I

IV

- - - -

~ , , t;;~~-pn-~=:e=:=-E-

" "'~" ~:~~ ..'

~

..

~

"V

=~ ~

.. : .
~

Coarse oolite
sand (cement
solution)

-~
/"\, ,,......,1""'\........

Soft mixed-up
oolite sand

I,~~ Cobble-layer

•"

Fauna
~ Green illitechlorite clay

['0: 2)'1
:6

~:.~-~~~~ -

-vl

~

~

=:1.=-1: ~ A

~ - ~

~1

• .•

. •. '. . . " .

Flora
Biodebris
(bivalve shells)

~ Encrusting oysters
Gre y illite
." , clay (with
limestone clasts)

IT:]
@J

~

I'

- - ~ --- -~-~ - ~ ~ ~ - ~

, '0 .... .'"

Oobiosparite

"" ...... -

:r.<:>~ ~'~~.::: ,~.; .:, :- :' ~ '.'9 : " 'c;7 ~ : 9,:..:·. ~~ 11-'
. " , .. ' " .o . -~
~ c:2~ " Pa aeokarstic sur-tace

Cemented limestone,

Lithology

~

-

I"'-'

--

f\

- .............. ,.....--

,-.,--

Transgression layer ......
"1'-.

-

---------,.... --..--~
~"'-.-..,...,,~-, .....

...... -

......:::...,,.....,.-...-..........

1\<l9

,

S

IDJ

Carbonised
rootlets

~

Carbon films
and log debris

Gastropods

Echinoid spines

~ Burrows

Fig. 6. A n idealized ske tch cross-section of the clay lens within the limestone sequence, based on field obse rvations of the
lens in situ (Fig. 5) and dur ing excavations (after Vaughan, 1989).

sediment. Clay-grade material is washed through and
settles with the excess water at the base of the tank .
At a pre -determined level, the water overflows into an
exit siphon tube situated part-way up a side wall , and
this flushes out the clay waste into a sediment trap.
Sediment is tipped into spare trays and left to dry
before being sieved, as the completely desiccated clay
disaggregates better on washing. The material is then
washed for one to five hours , until the clay grade
material has been removed. The residue is treated in
dilute (10%) acetic acid to remove the limestone
debris, and the material is then picked over for
microfossils under a binocular microscope. All
specimens are retained and curated in the Gloucester
City Museu m collections. The first 3 t of sediment
yielded over 5000 microvertebrate fossils and 1000
invertebrates (recorded in Vaughan , 1989).
In October 1990, the project transferred to Bristol
University Geology Department under a NERC grant
awarde d to M.J.B. This has financed the construction
of a sieving machine at Bristol, and the employment
of R. J. Walker to process and identify the rema ining
material. In addition, S.J .M. began a PhD project on
the palaeoenvironment and taphonomy of the
vertebrate rema ins, funded by the University of

Bristol Tratman Scholarship. Since 1990, a further 10 t
of sediment has been processed and new finds are
catalogued on the Macintosh ™ network at Bristol
(Metcalf & Walker, 1993).

3. GE OLOGY
(a) Stratigra phy of Hornsleasow Quarry

Hornsleasow Quarry is a well-known field locality for
Jurassic stratigraphers. It has been designated an SSSI
because of the complete succession of the Sharps Hill
Beds (Lower-Middle Bathonian). The position of the
Chipping Norton Formation succession at Hornsleasow within the Bathonian stratigraphic column is
shown in 'Fig. 2 (the graphic log, Fig. 3, has been
constructed from fieldnotes made by R.F.V. prior to
the excavation , and extended by S.J .M. in the region
of the excavated site: see Fig. 4). Although the quarry
is situated in Gloucestershire, the sequence is similar
to the Oxfordshire Bathonia n succession (see Fig. 2);
this is based on the work of the British Geological
Survey (BGS) in the districts of Moreton-in-Marsh (at
the time of going to press the BGS have not
completed revision of the memoir for Moreton:
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Fig. 7. Excavation of the first site (see Fig. 4) revealing the limestone side-walls of the clay lens (a) and one of the several
undisturb ed vertical 'walls' of clay (b) (this one corre sponds to section 8-B ' on Fig. B) from which details of the clays'
intern al str atigraphy were noted . Th e mobile field team removed and bagged the clay samples (c) on site. Abbreviations as
Fig. 4.

Richardson, 1929), and Chipping Norton (Horton,
Poole , Williams, Illing & Hobson, 1987).
The earliest record of the section was made by L.
Richardson for the BGS (1929, p. 89) , who mentions
three old workings situated to the south of the present
faces. In describing the 'Chipping Norton Limestone'
(ct. Chipping Norton Formation : Cope et al. , 1980),
he ment ions that it is 'co nspicuously currentbedded .. . [and] contain s locally pebbles of oolite and
black specks' . Arkell (1947, p. 37) has described the
'black specks' as 'due to ground-up lignite'.
Richardson (1929, p. 89) also mentions the presence
of the Clypeus Grit (an oolitic limestone of the
Cotswolds , famous for its echinoid fauna , including
Clyp eus plotii , after which it was named ) below the
Chipping Norton Formation.
Channon (1950) was the next to describe the
succession at the then 'Snowshill Hill Quarry'. The

workings had been greatly extended since Richardson
recorded his sections, and Channon observed that the
full succession of the 'Sharps Hill Beds' (ct. Sharps
Hill Member: Cope et al., 1980) was now exposed. He
tentatively correlated his section with Arkell 's (1947,
p. 63) section from Sharps Hill Quarry (SP 338358) in
Oxfordshire.
Channon (1950, p. 249) also descr ibed the strata
directl y above and below the 'Sharps Hill Beds' : he
recognized above a 'hard , brown and crea m coloured ,
fissile oolitic limestone ', which he believed to be the
lateral equivalent of the 'Stonesfi eld Slate ' (Stonesfield Member: Cope et al., 1980) of north Oxfordshire , and below them he records the 'Chipping
Norton' and 'Hook Norton Limestones' (Chipping
Norton and Hook Norton Members: Cope et al. ,
1980).
The 'Chipping Norton Limestone' was first de-
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scribed and named by Hudleston (1878), from a
succession at Chipping Norton (SP 319273) to the
southwest of Hornsleasow). He intended the name to
apply to the whole of the intervening limestone
between the Sharps Hill Formation and the underlying
Clypeus Grit . It is rather variable in lithology, ranging
from a pure white oolitic limestone in the southwest,
to a rather sandy deposit eastwards. At Hook Norton
(SP 360320), northeastern Oxfordshire, the limestone
was actually split into two beds, the Hook Norton
Member (a rather even-bedded, massive limestone,
with an upper surface of 'waterworn , wavy surfaces'
(Richardson , 1911, p. 205), known in the literature as
the 'Knotty Bed') forming the lower bed . The
overlying limestone is of the more usual soft, sandy ,
and fossiliferous oolitic Chipping Nort on Member,
described by Richardson as the 'Swerford Beds'. The
division between the two limestones was quite
distinctive at Hook Norton; elsewhere it can be
proved only by using palaeontological evidence.
Channon separated the two beds at Hornsleasow
(Channon did not retain the term 'Swerford Beds' for
the upper limestones, instead applying the term
'Chipping Norton Limestone') , on the grounds that at
the junction ther e was a 'large lenticle of tough black
clay, barren and exte nding for about a third of the

length of the face, dying out at each end and with a
maximum thickness of one foot' (Channon , 1950, p.
249). Quite clearly , this previous clay lens is at the
same level stratigraphically as the clay bed currently
exposed at Hornsleasow. We have not followed
Channon in placing the present clay lens at the
junction between the Hook Norton and Chipping
Norton Members (Fig. 3; although the temptation
would be to correlate the palaeokarstic surface seen
below the clays at Hornsleasow with the non-sequence
boundary placed above the Hook Norton Member
within the Oxford sequence by Cope et al., 1980; Fig.
2). Inste ad , this paper follows the definition of
Sellwood & McKerrow (1974, p. 191), that in the
absence of the Trigonia signata Bed, it is impossible to
distinguish the Hook Norton Member from the rest of
the Chipping Norton Formation.
The section at Hornsleasow was most fully
described by Torrens (1968, p. 253; 1969) after
quarrying had extended the sequ ence. Although he
accepted Chan non 's division of the Chipping Norton
and Hook Norton Members, Torrens could not
establish the junction because of the lack of
palaeontological evidence. Torrens described the
work of identification of the separate lithological units
in the quarry as 'not easy'; nevertheless, work ing with
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1

Fig. 9. R.F.V. on site, preparing the shattered femur (a) of the Cetiosaurus (much damage was caused by an unfortunately
placed explosive charge during initial blasting of the overlying oolite). Carbonized wood debris - 'logs' (b), and stains of wood
material removed during excavation (c) surround the bone upon the karstic surface of the Chipping Norton Formation
limestone. North (N) is indicated.
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M. J. Barker, he produced a detailed section with five
separate lithologies (summarized below after Torrens
1969, pp. 16-18):
5. TA YNTON STONE: 2.5-3.0 m [Taynton
Limestone; Cope et al., 1980].
4. SHARPS HILL BEDS: 5.48 m [Sharps Hill
Formation; Cope et al., 1980].
3. CHIPPING NORTON LIMESTONE
Massive, shelly, cross-bedded, oolitic limestone
with intercalated softer, orange-coloured, oolitic
marls. Basal bed is more fossiliferous than the
rest, with abundant Liostrea sp. and Clypeus sp.,
with echinoid spines, Trigonia sp., Lima cardiformis J. Sow., and Strophodus teeth. Finely
preserved trace fossils (Rhizocorallium) also
preserved: 1.5-2 m.
2. HOOK NORTON LIMESTONE
Massive, evenly-bedded, hard, oolitic limestone
with softer intercalations, cross-bedded in places.
Very unfossiliferous and only oyster shell debris
and Lima cf. cardiformis J. Sow: seen c. 10 m.
Gap - strata obscured - junction not visible.
1. CLYPEUS GRIT: seen 5 m.
The divisions used by Torrens (1968), have been
employed in the production of the graphic log (Fig.
3), showing the clay unit to lie approximately 2.5 m
below the base of the Sharps Hill Formation, within
the Chipping Norton Formation. Torrens & Hudson
(1980) provided a summary of British Bathonian
stratigraphy (Fig. 2). They include the Swerford
Member in the column, as the lowest part of the
Chipping Norton Member. Earlier authors, such as
Richardson (1911, 1929), Arkell (1933), and Sellwood
& McKerrow (1974), used the term to apply to the
whole unit: the term 'Chipping Norton Limestone'
being used to lump the 'Hook Norton Limestone' and
'Swerford Beds' together. The Swerford Member
consists of sands as first described by Richardson
(1911; and wrongly correlated with the Bajocian
Northampton and Oxfordshire 'White Sands': Horton
1977), and is present at Chipping Norton and in the
Cherwell Valley. It is there seen to 'channel down
deeply into the underlying Hook Norton Limestone'
(Torrens, 1968, p. 230). These quartz-rich sands have
recently been described as 'marginal marine' by
Hallam (1992, p. 338), and are thought to pass
eastwards into Stamford Member sands of the
Rutland Formation (formerly the Upper Estuarine
Series: Hallam, 1992).
The latest descriptive work on the section at
Hornsleasow (Vaughan, 1989) detailed a transgressive cross-bedded, sandy layer directly overlying the
clay lens (Figs 3,5; where this has pinched out, the
sand unit overlies the palaeokarstic surface). This is in
fact a carbonate marine sand, rather than the
land-derived silica sands of the Swerford Member,
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and the two do not appear to be laterally equivalent.
The clays contain a fairly high percentage of
fine-fraction silica sand (see discussion below) and
may be the lateral equivalents of the Swerford
Member sands.
(b) Description of the fossiliferous clay lens
The clay lens (Figs 5 and 6) lies upon the weathered
and undulating upper surface of the limestone, within
a hollow some 0.7-0.8 m deep (Fig. 7). The surface
shows much iron staining and in places the calcitic
cement supporting the ooliths has been removed.
Within the 0.1 m directly underlying the clay unit,
complete dissolution of the cement has left behind a
heavily iron-stained calcareous sand (disseminated
ooliths) and gravel intermixed with the overlying clay.
The upper surface of the lower limestone (Fig. 3) is
interpreted as a palaeokarst and the undulating
topography an original feature of the karstic
landscape. This surface can be traced throughout the
quarry. The underlying topography of the lens is a
flat-based hollow (Figs 5 and 8), with steep-sloping
sides (between 34-66° according to Vaughan, 1989, p.
24). There are developed within the karstic surface
many joints and cracks (apparent after excavation),
some of which appear to be weathered and infilled
with sand. These are related to cambering of the
limestone face rather than being original karst
features. In 1989, a minor re-excavation of the
slumped surface of the eastern part of the lens was
undertaken by one of us (M.J.S.) to expose an
unweathered area of the underlying palaeokarst, since
the main excavated site had degraded. Within this
newly excavated area, several karren were discovered,
including a sinuous, sharp-edged channel which
widens abruptly into an irregular, flat-floored and
slightly overdeepened hollow. This has been interpreted as a solution runnel and sink within the
palaeokarst (M.I.S., pers. obs., 1989). The sharpness
of the rinnenkarren suggests that development of the
karst was not contemporaneous with the palaeosol
(the clays), but was initiated perhaps 104-105 years
earlier. Many sub-rounded clasts of the underlying
oolite were discovered lying on top of the surface.
These pebble-sized clasts show an iron-stained
indurated outer 'skin' (this is also seen upon the
surface of the palaeokarst, and is several millimetres
thick); petrographic sections of the pebbles and
case-hardened palaeokarst indicated that there is a
secondary cement of highly ferroan calcite developed.
Some of the pebbles also show a polish. They were
probably formed in conjunction with the palaeokarst,
and rolled into the hollow prior to deposition of the
clays. It is interesting to note here that some of the
Cetiosaurus bones also show a high degree of in situ
weathering before soil deposition (see below; Metcalf,
in review, 1993).
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Subsequent erosion prior to deposition of the
succeeding cross-bedded oolites of the Chipping
Norton Formation (Fig. 3; ?Chipping Norton
Member) has removed all but a few small pockets of
clay and much of the overlying transgressive marine
carbonate sand, packed with shell debris, echinoid
spines, shark's teeth and associated rare marine
microfossils . Channon's (1950) lens and the present
lens (measuring 256 m2 in area , after excavation)
appear to be the largest. The clay is not
homogeneous, but is divided into two distinct layers,
the upper 'Green Clay' and the lower 'G rey Clay'
(Figs 3 & 6).
(c) Description of the clays
1. The Grey Clay
The Grey Clay overlies the karstic surface and is 0.3 m
thick. It contains large, irregular, sub-rounded
limestone cobbles which are most abundant within the
basal portion and appear to be derived from the
underlying limestones. These clasts are matrixsupported, and are randomly intermixed with the
plant and animal debris (this is probably due to
pedogenesis and bioturbation , which could also
account for the fragmentary nature of the vertebrate
material- see below) . The clay itself contains a
significant component of carbonate sand (around
30%), and some 40% fine-fraction silica sand . The
clay matrix, analysed by x-ray diffractometry, is
composed of illite and kaolinite. The illite is rather
poorly crystalline, giving a broad peak on the XRD
trace , suggesting fairly prolonged humid weathering.
Similarly, the abundance of kaolinite also suggests
weathering in a humid climate. Petrographic sections
of the clay show a sepic plasmic microfabric ('bright
clay', Retallack, 1990), suggesting that the clays have
undergone a prolonged period of pedogenic maturation; the clays show no discernible sedimentary
structures such as lamination.
There is a high organic content (1.65 % by weight),
the clay containing numerous carbon specks and
limonite-replaced plant roots (which extend down
from the overlying Green Clay). Within the basal
layer there is also much partially lignitzed wood,
which has retained its original textures (although it
has been squashed) ; this would suggest that the basal
Grey Clay depositional environment was somewhat
anoxic. Pyrite is rare within the clay (although
petrographic sections of the large bone material show
pyrite framboids within the bone vesicles) but the
manganese mineral, pyrolusite (Mn0 2) , forms a
coating on the upper surfaces of the pebbles and
bones at the base of the deposit . The scarce pyrite
probably can be accounted for by subsequent
inundation by marine waters during deposition of the
Sharps Hill Formation, a short distance above , rather
than indicating original deposition in marine

conditions.
The poor crystallinity of the illite and relative
abundance of kaolinite suggests humid weathering
within a comparatively aerobic soil. However , the
presence of large amounts of unoxidized plant debris
in such an apparently aerobic soil is rather difficult to
account for , particularly since a significant component
of it appears to represent large , randomly orientated
allochthonous pieces of timber rather than the
remains of in situ trees. Preservation of this material ,
and the pyrolusite coating on the bones , is more
indicative of a gleyed soil (and hence relatively
reducing conditions) . The apparent disparity could be
caused by a fluctuating water table , or a pronounced
seasonality (Retallack, 1990). The best preservation of
the plant material is in the basal layer, and this
suggests that this at least was permanently waterlogged (see palaeoenvironmental discussion below).
The fauna of the deposit is dominated by terrestrial
tetrapods, with some associated ?freshwater invertebrates and aquatic vertebrates (Table 1). Of the
6000 fossils sieved originally, the majority came from
the Grey Clay .

2. The upper Green Clay
The upper Green Clay layer (0.4 m thickness) is more
homogeneous than the Grey Clay , with limestone
clasts and sand making up only 3% of the composition
by weight. The clay mineral composition and
microfabric is very similar to that of the Grey Clay,
except that the illite is less poorly crystalline, showing
a narrower peak on the XRD trace, and kaolinite
relatively less abundant. These factors suggest that the
Green Clay was derived from the same source as that
of the Grey Clay but, following deposition, was
subject to less intense weathering, perhaps as a result
of gleying . Another possible indication of this is that
the larger bones in the underlying Grey Clay layer
often contain traces of the Green Clay preserved in
bone foramina and other crevices. The Green Clay
contains more quartz sand than the Grey Clay and is
relatively depleted in organic material (0.85 % by
weight) . Vertical rootlets pervade the layer, extending
from the upper surface into the underlying Grey Clay
(Figs 3 and 6) indicating that this layer was not
permanently waterlogged. The area apparently was
thickly vegetated , at least prior to its final burial by
the overlying limestone , since oxidized plant debris ,
identified by spore analysis as lycopodaceous (Cole,
1989), has been discovered lying upon the mudcracked surface, with associated poorly preserved
bone material. Much of this has been removed by the
overlying mar ine-transgression carbonate sands. The
plant material either appears as carbon films within
the sediments or has been replaced by iron oxides and
hydroxides ; possibly it may originally have been
pyritized.
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Table 1. Faunal list and ecological assemblages for the Hornsleasow
Clay unit, Lower Bathonian (zigzag Zone)
Ecology

Faunal assemblage

Terrestrial (airborne)

Pterosauria

Terrestrial

Lepidosauromorpha
Theropod dinosaur
Sauropod dinosaur
Ornithopod dinosaur
Stegosauri an dinosaur
Tritylodontid 'mammal-like' reptiles
Eupantothere mammals

Semi-aquatic

Caudata (salamander)
Anura (frog)
Testudines
Choristodera
Crocodylia

Aquatic

Chondrichthyes
Osteichthyes

(d) Evidence for terrigenous deposits elsewhere in
the Chipping Norton Formation

Sellwood & McKerrow (1974, p. 198) describe a
similar clay deposit at Sarsden (SP 300266, south of
Chipping Norton), which Arkell (1947, p. 65) had
described and erroneously assigned to the Sharps Hill
Formation. This lignitic clay lens is developed on a
bored, limestone pebble bed (S.J.M., pers. obs.,
1992) which the authors describe as a hardground, and
within the 'middle of the Chipping Norton Formation'; thus it could be correlated with the karstic
surface at Hornsleasow. The clay horizon contains
the ?fresh-water gastropod Bathonella, 'Viviparus'
(Arkell, 1947, p. 65), and has been interpreted as a
'temporary fresh-water pool within the carbonatedominated area... and attests to the extremely
shallow-water nature of the carbonate region'
(Sellwood & McKerrow, 1974, p. 198). It may be
laterally equivalent to the clay unit seen in a field to
the northwest of Lyneham Barrow (2 km southeast of
Sarsden; SP 217211; Horton et al., 1987), which lies
some 1.5 m above the base of the Chipping Norton
Formation. Horton et al. believed that the Lyneham
clay could be correlated with the 'Roundhill Clay'
(Richardson, 1929, 'Roundhill Member', Sellwood &
McKerrow, 1974), but this is unlikely, bearing in mind
the abundance of impersistent clay horizons within the
formation. This thin (0.3 m) band of oyster-bearing
clay occurs at the base of the formation at Roundhill
railway cutting (SP 125221, 10 km south of Hornsleasow), and is considered to thicken laterally into the
'Lower Fullers Earth' clay facies in south Gloucestershire (Sellwood & McKerrow, 1974). A lignitic clay

horizon also occurs within the now almost obscured
Swerford railway cutting (South Hill, SP 358317, near
Hook Norton) section. The thin (10-30 mm) lens
overlies a decalcified oolite sand deposit (1 ern thick)
which contains small, bored, oolitic pebbles (Horton
et al., 1987, S.J.M. pers. obs.). The surrounding
limestone contains large (up to 0.15 m) pieces of
charcoaled wood, and appears speckled because of the
abundance of coal fragments (S.J.M. pers. obs.).
The lower limestones (ct. Hook Norton Member) of
the Chipping Norton Formation are more argillaceous
than those above, and they contain much ground-up
lignite, pieces of coalified wood, clay drapes and pipes
(Horton et al., 1987, S.J.M. pers. obs.). It is worth
noting here that Richardson (1911) mentions clay beds
at Lower Swell (SP 174256, south of Hornsleasow),
below the Chipping Norton Limestone. He also refers
to the fact that the limestone 'has long been known
for the occurrence in it or [within the] immediately
superincumbent clay beds of the remains of the giant
saurians of the genus Cetiosaurus' (Richardson, 1911,
p. 204). Cetiosaurus bones were discovered at Chapel
House (SP 329282), near Chipping Norton and
communicated to the Geological Society of London in
1825, bY.tAr J. Kingdon, who reported that the bones
were from the 'upper portion' of the Bajocian
'Inferior Oolite' succession (Phillips, 1878, p. 245).
The 'upper portion' of this sequence is, of course, the
Chipping Norton Formation (Torrens, 1968). Beesley
has also reported the presence of Cetiosaurus remains
in the Inferior Oolite around Chipping Norton
(Beesley, 1877, p. 185).
Sellwood and McKerrow (1974) described the facies
variation of the lower Great Oolite (including the
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Chipping Norton Formation), and proposed a
depositional environmental model for the succession
from Oxfordshire and northern Gloucestershire. To
the east (towards Northamptonshire), they describe a
reduced-salinity, estuarine environment bordering the
London-Brabant landmass. The Chipping Norton
Formation there (Swerford Member) is represented
by cross-bedded silica sands with associated carbonaceous clay drapes. These are interpreted as
channel-fill deposits, which are possibly of deltaic or
regressive marsh affinities. There is much land-derived
plant debris, but the fauna within the sequence is
restricted, indicating a low-salinity marginal-marine
environment.
This facies extends some 10 km westwards, grading
into shallow marine oolitic carbonates, with somewhat
restricted faunas. The quartz-sand content of the
sediments decreases (at Hornsleasow it is only 10%),
especially west of the Moreton-in-the-Marsh swell.
This was a fault-bounded, structural high on the
carbonate platform, as indicated by the Lower
Bathonian succession which is much reduced in
thickness above the axis; for example the Chipping
Norton Formation at Oddington (SP 212256) is only
3.5 m thick. Hornsleasow lies to the west (some
10 km) of the Morton swell and has a more typical
section, with over 10 m of Chipping Norton Formation
carbonates. These oolitic cross-bedded limestones
represent a shallow-water high-energy environment,
the unstable substrate accounting for the paucity of
fauna, which only re-establishes itself at the top of the
formation where the substrate has stabilized to form a
hardground encrusted by Liostrea [Praeexogyra ]
(Selwood & McKerrow, 1974).
We follow the Sellwood & McKerrow model for
deposition of the Chipping Norton Formation in the
north Cotswolds, and suggest that at the time of
deposition of the Hornsleasow clay unit (and
underlying karst), the regressive marsh conditions of
the Oxfordshire-Northamptonshire shallows were
extended some 30 km westwards. Hornsleasow lies
upon the flank of the Moreton-in-Marsh swell, and it
is possible that this structure exerted a tectonic control
on the depositional environment in this area.
4. PALAEOENVIRONMENT
(a) The Homsleasow fauna

To date, the site has produced a spectacular diversity
of macro- and microvertebrate fauna (Table 1, Figs 10
and 11) from a variety of different terrestrial and
aquatic ecological niches (Table 1), including the
following.
1. Fishes - semionotid Leptidotus sp. fish scales and
teeth, holostean pycnodont and acrodont teeth, and
freshwater hybodont shark (Asteracanthus sp.) tooth
plates;

2. Amphibia - salamander jaw fragments, limbs
and vertebrae (similar to the material described from
Kirtlington by Evans et al. 1988) and undetermined
?discloglossid frog material (including an ilium);
3. Testudines, undetermined turtle carapace material and vertebrae;
4. 'Sphenodontid', limb bones and jaw fragments
(some possibly of true lizard affinities);
5. Choristodera (champsosaur), Cteniogenys sp.
(Evans, 1989) many jaw fragments and vertebraevirtually identical to the remains from Kirtlington
(Evans, 1989, 1990).
6. Crocodylia, 'goniopholid' and possible teleosaur,
several thousand teeth, fragments of dermal armour
and skull material, undifferentiated post-cranial
elements;
7. Pterosauria, rhamphorhynchoid, teeth, vertebrae
and limb bones, also possible pterodactyloid teeth (D.
Unwin, pers. comm., 1992);
8. Sauropod dinosaur, Cetiosaurus sp. (mainly large
elements retained at Gloucester City Museum for
display including femur, ilium, 25 vertebrae (five
complete), ribs, teeth and others) small teeth;
9. Theropod dinosaur, Megalosaurus sp. (large,
> 10 mm, serrated teeth) and 5-10 mm serrated teeth,
typical ceratosaur (over thirty teeth) and possible
maniraptoran (higher Theropoda; Metcalf & Walker,
1993);
10. Ornithischian dinosaur, Ornithopoda (fabrosaurid and hypsilophodontid similar to Phyllodon sp.
and Alocodon sp. described from the Upper Jurassic
of Portugal; Thulborn, 1973), and stegosaurian teeth,
2-lOmm (Metcalf & Walker, 1993);
11. Tritylodontid 'mammal-like' Stereognathus sp.
(possibly Sterognathus ooliticus Charlesworth, described from the Stonesfield 'Slate', Owen, 1857),
over fifty teeth;
12. Mammalia - eupantothere, docodont and multituberculate mammals are represented, twenty teeth.
Other finds include wood material, logs and spores,
freshwater gastropods, ostracods, and coprolites,
which are all probably autochthonous and derived
fragmentary marine invertebrates (echinoids, oysters,
other bivalves, corals).
(b) Taphonomic environment

1. The microvertebrate remains are all disassociated,
and quite fragmentary. There is a predominance of
teeth, unidentified fragments of bone and dermal
armour. The bone material and the teeth are
extremely well preserved. The main damage to these
elements is mechanical breakage (pre- and postmineralization causes such as trampling, pedogenic
effects, and compaction are suspected, Metcalf, in
review, 1993). The material is not heavily eroded
(bone elements have not been rounded) and therefore
has not undergone a great amount of transport,
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Fig. 10. Repr esentative fauna of the Horn sleasow Clay unit , Lower Bath onian (z igzag Zone) : (a) G LRCM G .50001
semionotid Lepidotus sp. scale ; (b) GLRCM G .50031, partial hybondont shark too th (main and accessory cusps broken and
worn); (c) GLRCM G .60406, salamander ?Marmorerpeton sp. (Evans et al. , 1988) atlas vertebra , posterior aspect; (d)
GLR CM G .66759, reptil e Testud ines ?axis vertebra, right lateral aspect; (e) G LRCM G .66855, Archosauromorph a:
Choristodera, Cteniogenys sp. (Evans, 1990), left dentary-broken, medial view. 3 teeth, 4 broken stubs, one socket; (f)
GLRCM G.51749, Cteniogenys sp. caud al vertebr a , left lateral aspect (neura l arch and anterior zygopoph ysis bro ken); (g)
GLR CM G.55545, crocodile tooth, small; (h) GLRCM G.50002. crocodile scute; (i) GLRCM G. 66839, pterosaur:
rhamph orynehoid tooth (tip broken). Scale bars in mm.

although a mixed provenance of floodplain and
autochthonous fauna is suspected for the microvertebr ate material (Metcalf, in review, 1993). The
overabund ance of teeth may imply a degree of
hydrodynamic winnowing within the assemblage-

teeth being hard and dense tend to become
concentrated within well-sorted fluviatile regimes (for
example within chann el lag depo sits, Behr ensmeyer ,
1975). This is also indicated by the narrow size range
of the microvertebrate material. However , the
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Fig. 11. Fauna of Hornsleasow Quarry continued: (a) GLRCM G.66724, theropod dinosaur, Megalosaurus sp. tooth (small);
(b) GLRCM G.51422, theropod, dromaeosaurid-Iike tooth (?juvenile); (c) GLRCM G.50051, sauropod dinosaur, Cetiosaurus
sp. tooth (juvenile, worn); (d) GLRCM G.64020, ornithischian dinosaur, ?stegosaurian tooth (badly eroded, enamel
stripped); (e) GLRCM G.53264, ornithopod dinosaur, fabrosaurid ?Phyllodon sp. (Thulborn, 1973) tooth (tiny, with root);
(f) GLRCM G.53809, therapsid 'mammal-like' reptile, Stereognathus sp. lower posterior maloriform tooth (crown view).
Broken and worn (posterior cusps missing); (g) GLRCM G.53809 Stereognathus sp. same tooth, lateral aspect (root broken);
(h) GLRCM G.66856, therian ?eupantothere mammal partial mandible (lingual view), one molar, one partial root, 3 aveoli;
(i) GLRCM G.66570, therian eupantothere mammal incisirform tooth (large). Scale bars in mm.

A NEW BATHONIAN MICROVERTEBRATE SITE

significance of this factor is difficult to assess when
dealing with an assemblage consisting of (mainly)
reptilian elements since reptiles shed and replace teeth
continuously thoughout their lifespan. Some of the
archosaur teeth and fish scales show a stripped, dull
appearance which may indicate that they had been
eaten (Metcalf & Walker, 1993; Metcalf, in review,
1993); this is supported by the fact that sectioned
coprolites contain fish scale debris . Overall, the assemblage appears to be of mixed provenance, the coprolites and much of the aquatic microvertebrate fauna
(Fig. 10) would appear to be in situ within the hollow
(representing a temporary pool within the karstic
landscape), while the other elements would be derived
from animals living upon the surrounding floodplain
2. The macrovertebrate remains (here interpreted as
the partial skeleton of an individual cetiosaur) in
contrast, exhibit much more degradation. This implies
that they have suffered some erosion, probably by
sub-aerial exposure. The bones show evidence of
weathering: cracking, and exfoliation of the surface,
and a general rounding of prominent features. There
is little evidence for transportation of the individual
bones, and therefore the weathering took place within
the karstic hollow prior to permanent burial (Metcalf,
in review, 1993). The bones have also undergone
post-fossilization shattering because of compaction.
The bones were recovered at the base of the cobble
layer, scattered among the pebbles and pieces of wood
(Fig. 12). They were lying flat, or banked against the
hollow walls, which implies that they had been laid
down upon the palaeokarstic surface before much clay
deposition, and had not suffered much disturbance by
bioturbation or trampling (Fiorillo, 1988). They are
rather scattered, and this may indicate a degree of
winnowing either by scavengers or by slight
palaeocurrent activity. Preliminary analysis of the long
axis azimuths of the associated wood debris
(length: width ratio 3: 1; for branching wood the
reading was taken from the main 'trunk': Fig. 13) does
not indicate significant palaeocurrent activity within
the deposit. There is a suggestion of alignment along
the north-south and north-northwest to southsoutheast planes , in the excavated areas A and B,
respectively. The alignment of wood perpendicular to
these directions is a factor of wood size, and water
palaeodepth (Voorhies , 1969), and it is expected that
there should be an even distribution of azimuths
parallel and transverse to palaeocurrent direction .
There is then a suggestion of a weak palaeoflow
within this basal layer , which, coupled with the
palynofloral evidence (below), does not indicate that
the wood material is indigenous to the soils, although
it may be derived from local vegetated topographical
highs on the surrounding floodplain. The low-lying
karstic hollow (and the cetiosaur bones therein) may
have acted as a trap for branch debris (Fig. 12). The
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wood may therefore have been transported to the
present site during a temporary flood upon the karstic
landscape or the site may represent the distal section
of an abandoned stream later modified by soil-forming
processes - the former hypothesis is favoured because
of the lack of a strong palaeoflow direction and
because of the palynofloral evidence (Metcalf, in
in review, 1993; Cole, 1989). A flood would also
deposit into the hollow terrigenous mud, vertebrate
cadavers and isolated bone material derived from the
surrounding floodplain .
(c) Palynofloral and invertebrate assemblages
The palynofloral assemblage from several samples of
the two clays (and overlying carbonate sands) was
studied (Cole, 1989). Within the Grey Clay there are
high bisaccate pollen:pteridophyte spore ratios.
Bisaccate pollen is considered to be wind-dispersed,
and to originate from upland conifers ('!LondonBrabant Massif and local dryer highs upon the
palaeokarst) . The high ratios suggest low sedimentation rates for the Grey Clay, supporting periodic
flooding deposition , rather than a fluviatile regime.
The dominant spore, Densoisporites velatus, is
considered to be Iycopodaceous. It is probably
autochthonous and would have formed the common
herbaceous flora on the limestone substrate surrounding the deposit. Fern spores are rather rare , but the
presence of Callialasporites sp. indicates a lower
coastal plain environment. The virtual absence of
dispersed kerogen supports a low-energy environment
with little fluviatile influence . The green alga
Botryococcus braunii which, in present-day circumstances , is dominant in low-nutrient (oligotrophic)
lacustrine environments (Hutchinson, 1957), is also
found within the clay.
The invertebrate fauna is composed largely of two
main components. The first, presumably marine
(although possibly slightly restricted, Hudson, 1963;
Hudson & Palmer, 1976) consists of poorly preserved
oyster (Praeexogyra) shell debris, (?)Plagiostoma and
other indeterminate bivalve debris, naticid gastropods
and some echinoid debris (Ashford, 1992). This
element of the fauna is clearly derived , mostly from
the underlying limestone, although cambering cracks
and archaeologist activity during excavation , may also
be responsible for the contamination from overlying
strata (Sharps Hill Formation invertebrate debris has
also been recovered , Ashford , 1992). There is
evidence that some of the marine elements may
represent wash-over or storm deposition . S. Haslett
(1991, pers . comm., 1992) has looked at two samples
from the clays for foraminifera and ostracods. He
reports that the lower Grey Clay contains a
low-abundance , very low-diversity but moderately
well-preserved
foraminiferan
assemblage
of
Epistomina regularis and Trochammina canningensis,
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Fig. 12. Sketch plan of the basal unit (karst and regolith layer) of the excavated part (Fig. 4) of the clay lens, with wood and
bone debris positioned upon a gridded system (after Darlington, 1988).

associated with gastropod debris, worm tubes and
ooliths. The Green Clay contains a more diverse, but
low abundance assemblage of well-preserved E.
regularis, Ammobaculites ct. agglutinans, Haplophragmoides canui, Paalzowella fiefeli, and poorly
preserved indeterminate foraminifera, associated with
abundant echinoid spines and an indeterminate
ostracod. Haslett (1991, pers. comm., 1992) considers
that these are marginal marine assemblages and

derived from storm wash-over or extremely high tides.
The Green Clay contains much more stenohaline
material (e.g. echinoid spines) than cannot be
accounted for by simple erosion of the surrounding
oolites, and so it is postulated that marine conditions
were returning by Green Clay times. This is borne out
by the overlying transgressive carbonate sands of the
Chipping Norton Formation. If the storm-surge
derivation hypothesis is correct, then the hollow and
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the palaeosols were located in a near-coastal position
with no significant topographical barrier separating
them from the Bathonian shoreline.
The second, well-preserved component of the
invertebrate assemblage is essentially non-marine,
consisting of gastropods, bivalves, and some rare
ostracods, and it may be autochthonous. R. G.
Clements (pers. comm ., 1991) has identified the
gastropods as Viviparus d. scoticus (Tate) and
Valvata cf. comes (Hudleston). The former is
tentatively regarded as non-marine , and tolerant of
low-salinity , possibly fresh-water to oligohaline

(bracki sh) conditions. By comparison with Upper
Jurassic species of the genus, Valvata cf. com es could
tolerate oligohaline to polyhaline conditions. On
balance , the salinity in which the gastropods were
living can be regarded as low to moderate , most likely
the former (R . G. Clements, pers. comrn. , 1991).
(d) Depositional environment

The depositional environment proposed for the Grey
Clay is a fairly alkaline, marshy type (cf. Carr and
Fen-type marsh ; Retallack , 1990), and can be
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described as a waterlogged boggy palaeosol developing within a small fresh- to brackish-water pond .
Deposition was slow, possibly no more than 1 mm a
year, and probably represented occasional flooding of
the low-lying coastal plain and/or distal stream
sedimentation . The hummocky karstic topography,
coupled with a high water table may be responsible
for the formation of the pond. This was probably
frequented by the animals inhabiting the floodplain.
The evidence for marine storm deposits within the
clays also suggests that the site represents a regressive
marsh at or only just above the Bathonian sea-level;
this can be likened to the present-day Florida
Everglades environment of coastal swamps, freshbrackish water bayous and brackish lagoons. Similar
palaeoenvironmental interpretations have been presented for the Middle-Upper Bathonian Great
Estuarine Group of the Hebrides (Hudson, 1962,
1963, 1966), and for the Great Oolite Series (Sharps
Hill, Hampen Marly, White Limestone and Forest
Marble formations; Middle-Upper Bathonian: Palmer, 1979) in central England (Palmer, 1972, 1979;
Palmer & Jenkyns, 1975).
The Green Clay (also interpreted as a palaeosol)
has been deposited in relatively oxidizing , high-pH
conditions. The boundary between the two clay units
is relatively sharp and the layers were easily separated
along this contact during excavation (Vaughan , 1989)
forming a continuous upper surface to the Grey Clay.
There is a minor, though significant , change in
mineralogy across the boundary, suggesting that the
lower Grey Clay layer was subject to more intense
weathering than was the overlying Green Clay. This
suggests a rapid localized change in depositional
environment: V. P. Wright (in Vaughan , 1989, pp.
30-31) has suggested either a desiccation of the pond
because of climatic controls and/or a lowering of the
water table, or silting up of the pond above the level
of the water table. The top surface of the Green Clay
shows desiccation cracks, and poorly preserved plant
and bone material. The faunal diversity was not
affected by this change, although the palynofloral
assemblage in the Green Clay is somewhat impoverished in comparison with the Grey Clay. This suggests
that the flora may have been autochthonous, whereas
the fauna was allochthonous (i.e . derived from the
surrounding floodplain) and hence not affected by
minor changes in soil type.
The lens has produced a wealth of diverse fauna not
usually associated with palaeosols, which suggests that
deposition took place within a fresh - to brackish-water
marsh pond, upon the emergent platform, supporting
a fauna of terrestrial animals . ArkeU (1956) reported a
significant worldwide marine regression in the Early
Bathonian based on a reduction in area of marine
deposition during this interval. Subsequent sea-level
curves have reduced this to a slight fall or stillstand in
sea-level (Hallam, 1978, 1981, 1988; Vail and Todd,

1981; Haq, Hardenbol & Vail, 1988). Hallam (1978,
p. 23) has conceded that the earlier part of the stage
signifies 'a relatively regressive episode' . That the
palaeokarst was some 104_105 years in formation
suggests that this is true.

5. AGE AND SIGNIFICANCE OF THE FINDS
The deposit is considered to lie within the macrescens
Subzone of the zigzag Zone of the Lower Bathonian
(Fig. 2) . Hornsleasow is thus the earliest Bathonian
mammal site. Previously the oldest Bathonian
mammal remains were found in the Stonesfield Slate
Member of the Sharps Hill Formation iprogracilis
Zone of the Middle Bathonian) at Stonesfield, in
Oxfordshire , and in the Ostracod Limestones of the
Great Estuarine Group (Middle-Upper Bathonian;
Waldman & Savage, 1972, Harris & Hudson, 1980) at
Loch Scavaig, Skye (NG 518168-520157; Kermack,
1988). The significance of the site may be summarized
under four headings.
1. At an international level, Middle Jurassic
vertebrates are poorly known and this time interval
represents a substantial gap in our knowledge of the
evolution of the terrestrial tetrapods lasting some 25
million years . During this time , a major watershed in
terrestrial vertebrate evolution was crossed : the
primitive groups of amphibians, turtles , crocodilians,
dinosaurs, pterosaurs, mammal-like reptiles , and
other Early Jurassic forms with Late Triassic affinities,
had disappeared or were dwindling into insignificance ,
and new groups were replacing them ; such as the
'modern' amphibia (frogs and salamanders), lizards ,
ankylosaur, sauropod , stegosaur and large theropod
dinosaurs, pterodactyloid pterosaurs, and birds. The
project will, we hope, resolve many of the key
patterns of this replacement which have hitherto been
elusive.
2. The content of the Hornsleasow fauna is of
crucial importance as, although Jurassic mammals and
mammal-like reptiles are extremely rare elsewhere,
they occur in some abundance at Hornsleasow (other
British Bathonian sites are documented in Kermack,
1988; and include the Oxfordshire sites at Stonesfield,
and Kirtlington , the Skye mammalian fauna, and
those discovered recently at Watton Cliff, Dorset
(SY 451908-453907), Forest Marble Formation
(aspidoides-discus age, Upper Bathonian), Freeman,
1976; Kermack , 1988). Equally there may be some
unique taxa among the small reptiles and amphibians.
The present project will supplement the recent
discoveries from the Upper Bathonian (aspidoides
Zone and hodsoni Zone) site at Kirtlington, reported
by Evans et al. (1988, 1990) and Evans (1989, 1990,
1991).
3. The fauna is older than other known Middle
Jurassic localities, and yields early examples of frogs,
salamanders, lizards, pterosaurs and other small
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forms, otherwise recognized from the Upper Jurassic.
Some of these will doubtless be the oldest
representatives of their respective groups, which is of
phylogenetic significance in establishing the character
complexes and relationships of the basal parts of
major clades.
4. The site has been sampled in a painstakingly
careful manner, and the automated sediment processing treatment system will provide an enormous
amount of data for palaeoecological and taphonomic
analysis. The site is still readily accessible and
extensive analyses of the context and nature of
preservation of the fossils are being carried out
(Metcalf, in review, 1993). This will make Hornsleasow a model example of a fully documented site.
In the future, it is the aim of this project to
complete the recovery and description of the small
vertebrate finds, with the idea of producing a true
picture of vertebrate diversity within the environment
described. Perhaps we can conclude now that, had
Channon (1950) decided to sample and wash his clay
lens, he might have found it less 'barren' of fossils and
indeed more interesting than he believed.
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