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1.  INTRODUCTION 

Northern Gloucestershire lies within the Severn Basin, 
sometimes also known as the Worcester Basin or 
Graben, an elongate north-south trending basin 
containing a thick Mesozoic succession. Its eastern 
and western boundaries are well defined by the Vale 
of Moreton Anticline and the East Malvern Fault 
respectively, a width of about 50 km. The north and 
south limits of the basin are less clearly delimited but 
extend probably from the Kidderminster-Bromsgrove 
area southward to beyond Stroud, a distance of 90 km 
or more. Lower Lias (Lower Jurassic, Hettangian-
Lower Pliensbachian) strata outcrop extensively 
throughout Gloucestershire, in the southern part of the 
basin, and attain a total thickness approaching 300 
metres. However, details of many parts of the 
succession are poorly known. The Stowell Park 
Borehole penetrated the full succession in the eastern 
part of the basin and was well documented (Green and 
Melville, 1956; Melville, 1956; Spath, 1956), with 
several other boreholes penetrating parts of the Lower 
Jurassic elsewhere, such as the Hettangian and 
lowermost Sinemurian at Twyning (Worssam et al., 
1989). But boreholes have limitations, for instance in 
terms of showing broader facies variations and faunal 
content, compared with surface exposures. Despite the 
great thickness and  extensive surface outcrop of the 
Lower Lias in this area, there are few permanent 
exposures. A few low cliffs and foreshore exposures 
occur along the banks of the River Severn and Severn 
Estuary downstream of Gloucester but these expose 
only Hettangian and lowermost Sinemurian strata and 
most remain poorly documented. Later Sinemurian 
and most Lower Pliensbachian strata have been 
exposed only in brief temporary excavations. Within 
the Severn Basin only two exposures, Hock Cliff and 
Robin’s Wood Hill Quarry, currently are of sufficient 
permanence and scale to have been described in the 
forthcoming Lower Jurassic Geological Conservation 
Review volume (Simms et al., 2004), but they provide  

 
 
only a very incomplete picture of the succession in the 
Severn Basin. 
 

 
 
Table 1. Stages, Zones and Subzones of the Lower 
Lias (largely after Dean, Donovan and Howarth, 
1961). Letters in brackets indicate the zonal and 
subzonal symbols used on the maps. 
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Figure 1. Shelly limestone with large Pararnioceras alcinoeiforme and small body chamber of 
Euagassiceras. From Sauzeanum Subzone exposed in small trial pit for housing development at 
Northway, near Tewkesbury (SO 924342), in 1979. Scale in cm. 

 
However, in the 19th and early 20th centuries there 
were many more exposures in the form of small 
quarries and brickpits while the development of the 
railway system saw the creation of other temporary 
exposures. Brief accounts of many of these were 
published in numerous papers during this time, a 
significant number appearing in the Proceedings of 
the Cotteswold Naturalists’ Field Club during the 19th 
and early 20th centuries. These accounts of temporary 
exposures, particularly those by Linsdall Richardson 
(e.g. Richardson 1904, 1918, 1929) and by Thomas 
Wright (1878-86) are an important source of 
information on the nature of the local Lower Lias 
succession but it is not intended to comprehensively 
review here these earlier records. Instead the present 
paper is intended as a supplement to the earlier 
accounts of Richardson and others continuing a long-
established, if somewhat lapsed, tradition of field 
recording in this area.  
 
My own fossil collecting began in the late 1960s and 
from the early 1970s my main interest was focussed 
on the Lias, often neglecting my schoolwork in order 
to collect extensively from exposures within cycling 
distance of my parents home at Bishops Cleeve, just 

north of Cheltenham. Other than a few permanent 
exposures, these encompassed small drainage ditches, 
pipe trenches, building sites, gravel workings and 
landfill excavations. Apart from those in the 
immediate vicinity of Bishops Cleeve, many were 
encountered by chance and hence many others must 
have been missed. The specimens collected were 
catalogued and the location, and biostratigraphic level, 
of exposures was marked on 1:25000 Ordnance 
Survey maps (and the 1:10000 sheet for Bishops 
Cleeve). From my occasional visits back to 
Gloucestershire, since moving to Northern Ireland in 
1996, it is evident that temporary exposures of the 
Lower Lias are as common now, if not more so, than 
during the main period of my perambulations between 
1972 and about 1990. Indeed, during a brief visit in 
November 2002 I collected material from four new 
sites, clearly unvisited by any other geologists, that 
has been incorporated into this account. It seems that 
although there are now many more collectors 
accumulating material from temporary excavations 
across the Severn Basin, currently there is no 
systematic recording of such data comparable to that 
which I compiled even though much effort is 
expended on the re-excavation and documentation of 
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old sites. This is a failing which needs to be rectified 
if significant further progress is to be made in 
understanding the geological history of the Severn 
Basin.  
  
My own records (mostly annotated maps) and 
extensive collection of ammonites from these 
temporary exposures were donated to the British 
Geological Survey in 1989 and were used in the 
remapping of both the Tewkesbury and the Moreton-
in-Marsh 1:50,000 sheets (sheets 216 and 217). Much 
of this present account is based upon this material, 
now held at BGS Keyworth. Some ammonites, and 
most non-ammonite material (excluding 

echinoderms), were donated to Bristol City Museum 
in 1989, with the Liassic echinoderms donated to the 
Natural History Museum in 1988. Much of the data on 
the Lower Lias succession remains unpublished other 
than brief mention in several BGS Open File Reports 
or the Tewkesbury Sheet Memoir (Worssam et al., 
1989). Unfortunately, existing summaries of the 
Lower Lias succession compiled for the Severn Basin 
(e.g. Getty in Cope et al., 1980) contain serious errors 
which have been perpetuated, in some instances, for 
more than 150 years. One of the purposes of this 
paper is to correct these misconceptions and provide a 
summary of the succession based on more than 30 
years of fieldwork in this area. 

 
 

 
Figure 2. Sketch map of the Cheltenham-Tewkesbury area showing distribution of ammonite zones 
proven in temporary exposures (see Table 1 for key to letters used). Light shading = urban areas; 
stippled grey = Dyrham Formation; dark grey = Whitby Mudstone Formation; blocks = Inferior Oolite 
Group. Area enclosed by dashed line corresponds to that in Figure 4.
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2. LITHOSTRATIGRAPHY AND FACIES 
Data obtained from the few permanent exposures and 
from temporary exposures across the Severn Basin 
over a more than 30 year period (M.J.Simms, 
unpublished observations) have helped to build up a 
fairly clear picture of the stratigraphy of this thick 
Lias Group succession. Typical Penarth Group 
mudstones with thin sandstones and limestones are 
exposed in the river cliff at Wainlode Hill north of 
Gloucester (description summarised in Macfadyen, 
1970) and are succeeded by poorly exposed 
alternating mudstones and limestones of the basal Lias 
Group ‘Pre-planorbis Beds’. Some of the limestones 
in this part of the succession are laminated and have 
yielded rich insect faunas from these sites and from 
19th Century quarries.  
  
The Planorbis Zone is seldom well exposed but is 
developed in Blue Lias Formation facies of limestones 
and rather thicker mudstones. The ‘Pre-planorbis 
Beds’ and lower part of the Planorbis Zone is still 
exposed, albeit poorly, in a line of old quarries at 
Brockeridge Common, north of Tewkesbury (SO 
887385) and during the 19th Century yielded a rich 
fauna of fossil marine reptiles (Wright 1878-86). 
Similar strata were also described from two small 
quarries on Sarn Hill, west of Tewkesbury (SO 
859338), by Richardson (1904), with the higher of 
these still exposed. Various other small indifferent 
exposures have been recorded along the strike of the 
basal Lias south of Tewkesbury (see map), but the 
only major exposure of this zone was in 1979 in a 
large borrow pit at Norton, north of Gloucester (SO 
880245), where a >5 metre thick section through the 
Johnstoni Subzone exposed horizontal grey 
mudstones with rather widely spaced (>0.5 m apart) 
tabular, and often laminated, limestones with 
Caloceras spp.. 
  
There are very few records of the Liasicus Zone 
anywhere in Gloucestershire. The only exposures seen 
in this area were in 1976 during the construction of 
the council offices and an adjacent housing 
development at Tewkesbury (SO 888320), and in a 
deep pipe excavation on the Ham meadows nearby; 
alternating limestones and mudstones on a decimetre-
scale yielded Alsatites liasicus and fragments of large 
Waehneroceras. 
  
Limestone-mudstone alternations are particularly 
frequent in the succeeding Angulata Zone and were 
formerly well exposed in a small river cliff at Awre on 

the Severn Estuary (SO 705094); Schlotheimia 
extranodosa and S. similis indicated the presence of 
both subzones, but the exposure is now obscured by 
builders’ rubble. In northern Gloucestershire only two 
sites are tentatively assigned to this zone. A small 
pyritised schlotheimiid from a cementstone nodule at 
Stoke Orchard (SO 91602826) may indicate this zone, 
although other exposures nearby are Semicostatum 
Zone. Excavations for bridge foundations on the River 
Chelt near Boddington (SO 895259) exposed thinly 
(dm-scale) interbedded limestones and mudstones 
containing small Gryphaea arcuata similar to 
examples from the Angulata Zone elsewhere, but no 
confirmatory ammonite evidence was found. 
  
The mid- to upper Bucklandi Zone is superbly 
exposed at Hock Cliff, on the Severn Estuary, and is 
redescribed in the forthcoming Lias GCR volume 
(Simms et al., in press) following the earlier, in parts 
erroneous, descriptions of Richardson (1908) and 
Henderson (1934). Glass Cliff, about 1 km upriver 
from Hock Cliff, exposes the top Angulata to mid-
Bucklandi zone, with zonal/subzonal indices well 
represented if fragmentary. The section, somewhat 
faulted, shows a transition from closely spaced 
limestone-mudstone alternations, in the Angulata 
Zone and Conybeari Subzone, into much thicker 
mudstone or paper shale interbeds in the Rotiforme 
Subzone. The rather poorly accessible river cliff at 
Maisemore (Richardson, 1906), near Gloucester, also 
probably lies within the mid-Bucklandi Zone although 
no diagnostic ammonites have been recovered. North 
of Gloucester there are few records of the Bucklandi 
Zone. A borrow pit at Innsworth, just north of 
Gloucester (SO 851210) exposed several metres of 
mudstone with a few widely spaced limestone bands 
containing Vermiceras scylla indicating the Rotiforme 
Subzone, scylla Horizon (Page, 1992). Beyond the 
area of the map, in south Worcestershire, excavations 
for the Sedgebarrow Bypass (SP 025394) exposed 
dark mudstones and interbedded limestones with large 
arietitids, suggesting the Bucklandi Zone. 
  
Although a few metres of the Lyra Subzone of the 
Semicostatum Zone are exposed at the top of Hock 
Cliff (Simms, in press), the remainder of the 
Sinemurian is otherwise exposed only in temporary 
excavations in Gloucestershire. Within the 
Semicostatum Zone the Lyra and Scipionianum 
subzones have rarely been exposed. Blue-grey 
mudstone excavated during bridge-strengthening 
works on the A40-M5 interchange, between 
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Cheltenham and Gloucester (SO 897213), yielded a 
few small pyritic ‘Arnioceras’ reminscent of the Lyra 
Subzone; limestones and mudstone rather poorly 
exposed in the banks of Ham Brook, Badgeworth (SO 
900201) yielded a poorly determinate fragment of an 
arietitid similar to Coroniceras lyra; while in late 
2002 a pipe trench at Longlevans, north of Gloucester 
(SO 85452061) exposed blue-grey mudstones with 
common Gryphaea arcuata and fragmentary 
Coroniceras ? lyra. Blue shaley mudstones, exposed 
in the late 1970s at the base of gravel workings at 
Bredons Hardwick (SO 907355), contained abundant 
crushed coroniceratids and Arnioceras, while large 
cementstone nodules commonly contained well 
preserved Arnioceras bodleyi and occasional 
Coroniceras aff. lyra, indicating the Lyra Subzone, 
bodleyi Horizon (Page, 1992). Fragments of 
Agassiceras scipionianum, Arnioceras and 
‘Coroniceras’ found in grey mudstones exposed in the 
bed of Dean Brook immediately west of Stoke 
Orchard (SO 914284) are the only definite evidence 
for the Scipionianum Subzone in north 
Gloucestershire, although the presence of poorly 
preserved  Arnioceras grp. pseudokridion at Pilgrove 
(see below) may also indicate the upper part of this 
subzone. For the succeeding Sauzeanum Subzone 
there are many records, with more still assignable 
only to the Semicostatum Zone on the basis of an 
abundance of Arnioceras. Significant exposures of the 
Sauzeanum Subzone, indicated by the presence of 
Euagassiceras spp. along with Arnioceras and some 
other taxa, were recorded from housing developments 
at Pilgrove (SO 918240), Benhall (SO 912221), and 
Northway (SO 924342) ; an industrial estate near 
Ashchurch (SO 919333); at the base of gravel 
workings at Twyning (SO 894364); and in 
excavations associated with the Bishops Cleeve 
Bypass (discussed later). Phosphatic fossils and small 
nodules are common in the lower part of the 
Sauzeanum Subzone, notably at Pilgrove, suggesting a 
minor hiatus. Shelly or earthy limestone bands were 
present at Twyning and at Northway; at the latter site 
these yielded several spectacular large specimens of 
Pararnioceras alcinoeiforme, indicating the 
alcinoeiforme Horizon (Page, 1992). Sites lacking 
taxa readily diagnostic to subzone level include small 
excavations at Stoke Orchard (SO 91532785 and SO 
91792841), and a pipeline trench extending south for 
1.3 km from J9 of the M5 (centred on SO 916320).  
  
The Turneri Zone is recorded from only a few small 
exposures. Deep excavations in the centre of 

Gloucester (SO 836188) penetrated blue-grey 
mudstones with fragments of Caenisites sp.. 
Fragments of Caenisites and Microderoceras have 
been recorded from grey mudstones with cementstone 
nodules at a number of localities including 
excavations for major building work at the Benhall 
GCHQ site in 1977 (SO 917222), in Dean Brook at 
Stoke Orchard (SO 923285), and in various 
excavations associated with the Bishops Cleeve 
Bypass (discussed later). Access to the most recent 
excavations for the new GCHQ ‘doughnut’ proved 
impossible in 2001 but fragments of Caenisites 
recovered from material dumped elsewhere indicate 
the Turneri Zone. A fragment of typical Caenisites 
and large fragments of a form close to Asteroceras 
were recovered from shallow excavations at Lower 
Farm, Oxenton (SO 959312), probably indicating a 
position very close to the Turneri-Obtusum zone 
boundary, perhaps the aff. confusum Horizon (Page, 
1992).  A specimen of Caenisites in the collections of 
Cheltenham Museum is recorded as having been 
thrown up by a bomb which fell opposite the Farmers’ 
Arms public house, north of Bishops Cleeve (SO 
953288), on 6th September 1940! 
  
The Obtusum Zone similarly is known from a few, 
mostly small, exposures of blue-grey or grey 
mudstones, often with cementstone nodules. Non-
specific ammonite taxa generally, but not exclusively, 
characteristic of the Obtusum Zone, such as 
Promicroceras, Xipheroceras and Epophioceras, have 
been found at various small exposures; a pipe trench 
at Waterloo, Bredon (SO 928367) [Epophioceras]; a 
roadside bank north of Bredon (SO 927373) 
[Promicroceras]; pipe excavations at Swindon Village 
(SO926242) [Xipheroceras]; roadside excavations at 
Stoke Orchard (SO 922282) [Promicroceras, 
Cymbites]; in Tirle Brook, Woolstone (SO 955305) 
[Epophioceras longicella]; and, beyond the area of the 
map, from a housing development at Quedgeley, 
south of Gloucester (SO 806135) [Promicroceras]; 
from office developments at the northern end of the 
Quedgeley Bypass (SO 813151) [Promicroceras in 
laminated cementstone septaria]; and from a pipe 
trench at Longlevans (SO 85552058) [Epophioceras], 
barely 300 metres from mudstones with Coroniceras. 
Asteroceras obtusum, indicative of the Obtusum 
Subzone, has been recorded from excavations 
alongside the main Cheltenham-Bristol railway line 
0.5 km south-west of Lansdown Station (SO 929216) 
[with Epophioceras longicella and Promicroceras, the 
former indicating the “Galaticeras” Horizon at the 
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base of the succeeding Stellare Subzone]; from Dean 
Brook, Stoke Orchard (SO 925285) [with 
Epophioceras]; from a pipeline trench at Ashchurch 
(SO 91663283) [a single small body chamber in an 
otherwise exclusively Semicostatum Zone fauna 
throughout the rest of the pipeline, though showing no 
obvious signs of significant transport]; and from 
excavations associated with the Bishops Cleeve 
Bypass (discussed in detail later). The Stellare 
Subzone is represented by several sites yielding the 
index species, among them several locations near 
Bishops Cleeve (see detailed discussion and map); 
and, beyond the area of the map, excavations for a gas 
pumping station at Wormington, 6 km south of 
Evesham (SP 033365) [with Epophioceras]. Two sites 
visited in the late 1970s and early 1980s are of 
particular significance for understanding this part of 
the succession. Former gravel workings east of 
Beckford (SO 969354) exposed blue-grey mudstones 
with a diverse pyritic fauna including Asteroceras cf. 

stellare, Epophioceras longicella, Promicroceras, 
Xipheroceras and Cymbites; together this fauna 
indicates the lower part of the Stellare Subzone, 
probably the “Galaticeras” Horizon (Page, 1992). At 
the other site, south-west of The Park, near Stoke 
Orchard (SO 928269), drainage ditches exposed 
several metres of grey mudstone with a band of 
cementstone nodules and yielded large Asteroceras cf. 
stellare together with Epophioceras longicella, 
Aegasteroceras sagittarium, Arnioceras 
semicostatoides and Promicroceras. This fauna 
indicates that at least three ammonite horizons of the 
Stellare Subzone are present [“Galaticeras”, blakei 
and sagittarium; horizons 36, 41 and 42 of Page, 
1992] but suggests that part of the subzone is 
condensed and incomplete. Some specimens are 
heavily encrusted with serpulids while the Arnioceras 
invariably are preserved in black phosphate. 
Hippopodium is a common element of the non-
ammonite fauna at this site. 

 

  
 
 
Figure 3. Grey mudstone with cementstone nodules of the Stellare Subzone, exposed in a drainage 
ditch near The Park, Stoke Orchard (SO 928269) in 1984. A large Asteroceras cf. stellare is visible just 
to the left of the hammer. 
 



 
 Proceedings of the Cotteswold Naturalists’ Field Club   
    
 

 197 

Major landfill excavations in 2002 just a short 
distance to the south-east (SO 933266) have shed 
further important light on this part of the Sinemurian 
sequence, and particularly that spanning the Obtusum-
Oxynotum zone boundary. A large pit and associated 
drainage ditches commences in the upper Stellare 
Subzone which comprises blue-grey mudstones, 
pyritic in the lower part, with abundant crushed 
ammonites. Irregular cementstone nodules form a 
conspicuous band about 4 metres below the top and 
have yielded large Asteroceras stellare; this nodule 
band may be the same as that seen near the top of the 
earlier excavations a little to the north-west. Although 
crushed ammonites are abundant in the mudstones, 
uncrushed material, even body chambers, is relatively 
scarce, but examples of Asteroceras cf. stellare, A. 
blakei, Aegasteroceras sagitarrium, Epophioceras, 
Xipheroceras and Promicroceras have been found 
loose. Asteroceras blakei was recovered in situ about 
0.9 metres below the lowest Oxynoticeras simpsoni 
but although loose fragments and impressions of 
Eparietites were seen, demonstrating the presence of a 
thin development of the Denotatus Subzone, no 
examples were found in situ.  The Obtusum-
Oxynotum zone boundary is taken at a <2 cm thick 
ferruginous band associated with very shelly 
mudstones with both fresh and worn Gryphaea, 
Hippopodium and belemnites. An impression of a 
small Angulaticeras was seen in paper shales 
immediately beneath the ferruginous band, while large 
crushed examples of Oxynoticeras simpsoni, often 
encrusted with serpulids and oysters, were seen as 
little as 0.1 metres above it. This site is the only one at 
which I have found definite evidence of the Simpsoni 
Subzone in some 30 years of fieldwork in the Severn 
Basin, although the ammonite fauna described by 
Wright (1878-86) from Drake’s Broughton, near 
Pershore, suggests a very similar succession was 
formerly exposed there. The succeeding Oxynotum 
Zone comprises blue-grey mudstones pyritic 
mudstones. Small pyritic oxynoticeratids are fairly 
common, though generally poorly preserved in the 
lowest few metres. The precise position of the 
Simpsoni-Oxynotum subzone boundary could not be 
identified, but the Simpsoni Subzone is unlikely to be 
more than 3-4 metres thick. The remainder of the 
Oxynotum Zone and the ensuing Raricostatum Zone 
are thickly developed in blue-grey mudstones with an 
abundant, often pyritised, fauna and there have been 
many, often quite extensive, temporary exposures. A 
significant number were located in and around 
Bishops Cleeve and these formed the basis for some 

of the observations on this part of the succession 
described in Hollingworth et al. (1990). Beyond this 
area exposures of the Oxynotum Subzone, with 
Oxynoticeras oxynotum, Cheltonia acciptris and other 
taxa, have been recorded from the base of gravel 
workings at Kinsham (SO 936363), Aston Mill (SO 
946353) and Shurdington (SO 910180); from housing 
and industrial developments at Swindon Village (SO 
940145 and SO 934146); and from excavations 
adjacent to Lansdown Railway Station, Cheltenham 
(SO932220), and Brockhampton sewage works (SO 
945259). Beyond the area of the map this subzone was 
recorded during road construction at the southern end 
of the Gloucester Northern Bypass (SO 862201), and 
from a landfill pit at Quedgeley, south of Gloucester 
(SO 811132). The Quedgeley site yielded a 
particularly rich fauna with Oxynoticeras, Cheltonia, 
Bifericeras, Palaeoechioceras, Angulaticeras and 
very rare examples of Gagaticeras and Slatterites; 
these last two taxa tentatively indicating the presence 
of the Simpsoni Subzone at this site. 
  
Exposures of the Raricostatum Zone have been even 
more frequent and, at the larger sites, two or more 
subzones may be exposed. At Aston Mill the 
Densinodulum Subzone was exposed to the north of 
the Oxynotum Subzone already mentioned (SO 
948356). Further east, near Beckford, gravel workings 
(SO 983361-985364) exposed all four subzones with a 
gentle dip to the east. A notable feature of this site, 
and also recorded at this level from many other sites 
since its discovery in the 19th Century (Wright 1878-
86), is the presence of a distinct hiatus layer <5 cm 
thick, with rolled and encrusted belemnites and 
Gryphaea and an abundance of the coral 
Styllophylopsis rugosa. This Coral Band appears to lie 
at or close to the boundary of the Densinodulum and 
Raricostatum subzones although new and better 
exposures are needed to verify this. The mudstones 
below the Coral Band contain abundant Bifericeras 
grp. subplanicosta, while Wright also noted the 
common presence of Hippopodium ponderosum, 
assigning the term ‘Hippopodium Bed’ to the 2-3 
metres of mudstone below the Coral Band. 
Excavations for landfill <500 metres to the west, at 
Court Farm (SO 976362) yielded a fauna of species of 
Bifericeras, Eoderoceras, Crucilobiceras and 
Paracymbites dennyi indicating a level low in the 
Densinodulum Subzone. The Raricostatum Zone was 
also recorded from excavations for a reservoir and 
new stadium at Cheltenham Racecourse (SO 960250 
[Densinodulum Subzone] and SO 955247 
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[Raricostatum Subzone]; a swimming pool and 
separate sports stadium at Pittville (SO 947236 and 
SO 945236) [Densinodulum Subzone]; office 
developments in Cheltenham (SO 939225 
[Densinodulum Subzone] and SO 945225 
[Raricostatum and Macdonnelli subzones, with the 
Coral Band at the base]); railway trackside 
excavations at Churchdown (SO 882201 
[Raricostatum Subzone]; and gravel workings at 
Shurdington (SO 913188 [Densinodulum-
Macdonnelli subzones, with Coral Band]). There have 
been numerous exposures in the Bishops Cleeve area, 
as shown on the map of that area. 
  
The Jamesoni Zone at the base of the Lower 
Pliensbachian is developed largely in alternating light 
and dark mudstones, similar to the Belemnite Marls of 
the Dorset coast, with abundant belemnites and an 
often diverse fauna of pyritised ammonites at some 
levels. Lang (1928) demonstrated that belemnites in 
this part of the succession on the Dorset coast were 
biostratigraphically significant, and his observations 
can also be applied to the Gloucestershire succession. 
In broad terms the Taylori Subzone is characterised by 
short stout species of Nanobelus while towards the 
upper part of the Jamesoni Zone very elongate slender 
species of Pseudohastites are abundant and 
characteristic. Although there have been good 
exposures of this zone in the Bishops Cleeve area 
(discussed later), there have been few other exposures 
and none extending above the lowest subzone. Blue-
grey clays with small limestone nodules were exposed 
at the base of gravel workings at Aston Mill (SO 
943353) and yielded a distinctive fauna with 
numerous small pyritised eoderoceratids, 
Gemmellaroceras and fragments of large 
Apoderoceras, with poorly preserved fragments of 
large Paltechioceras indicating the presence also of 
the top of the Aplanatum Subzone beneath. 
Richardson (1918) and others often referred to this 
part of the succession as the ‘Tubellum Beds’, after a 
species of ammonite formerly called Tubellites 
tubellum. A similar fauna was recorded from two 
locations in a pipeline trench near Alderton (SO 
994324 and SP 000326), with a large specimen of 
Radstockiceras recovered from the former location. A 
near full Jamesoni Zone succession, yielding an 
abundant and diverse ammonite fauna, was exposed 
during deep excavations for a sewer pipe between 
Bishops Cleeve and Woodmancote. The fauna, 
dominated by species of Platypleuroceras, 
Polymorphites and Uptonia, also included occasional 

Hypoxynoticeras near the base, Tragophylloceras cf. 
numismale towards the middle, and Coeloceras pettos 
near the top.  
  
The Ibex Zone comprises grey mudstones with 
cementstone nodules and some shell beds, as exposed 
at the Blockley Station Quarry GCR site (Simms et 
al., in press) to the north-east of the area covered by 
this paper. The upper part of the zone is also exposed 
at the base of the Robin’s Wood Hill Quarry GCR 
site, south of Gloucester, and typically this zone, and 
the succeeding Davoei Zone, outcrop on the lower 
slopes of the Cotswold escarpment and its outliers. 
The Masseanum Subzone has been proven only in 
pipeline trenches near Bishops Cleeve but ammonites 
were seen only as impressions. Exposures of the 
Valdani Subzone generally are indicated by common 
fragments of Acanthopleuroceras, sometimes 
associated with coarsely-ribbed liparoceratids. 
Acanthopleuroceras is recorded from a housing 
development at Dumbleton (SP 019358); various field 
exposures and drainage trenches to the west of 
Alderton [with Tragophylloceras ibex and 
Liparoceras spp.]; a pipeline trench between Dixton 
and Gotherington (SO 977302) [with Liparoceras 
cheltiense and Lytoceras fimbriatum]; field exposures 
on the west side of Crane Hill, Woolstone (SO 
960307) [with Beaniceras crassum, Liparoceras cf. 
divaricosta and Tragophylloceras]; various sites on 
the east side of Bishops Cleeve and Woodmancote 
(details below); and on a housing development at 
Prestbury (SO 971241). Several specimens of 
Liparoceras cheltiense recovered from foundations 
for a clinic site at Charlton Kings (SO 964213) 
probably also indicate this subzone. The Luridum 
Subzone was indicated at a housing development at 
Ryeworth, Charlton Kings (SO 972212) [Beaniceras 
sp.] and at Lilleybrook railway cutting, Leckhampton 
(SO 963198) during industrial development 
[Beaniceras luridum, Beaniceras cf. crassum, 
Liparoceras kilsbiense]. 
  
The Davoei Zone is characterised by grey mudstones 
which become increasingly silty upwards and are 
transitional to the Dyrham Formation, encompassing 
much of the Margaritatus Zone. A conspicuous sandy 
siltstone unit around the middle of the zone, the 
Capricornus Sandstone, is an important marker band 
which can be traced from at least Bredon Hill in the 
north (M.J.Simms, unpublished observations) 
southwards to the Stroud area (Palmer, 1971) and 
perhaps to Hawkesbury, 5 km south of Wotton-under-
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Edge (Simms, 1990). The entire Davoei Zone, 
including the Capricornus Sandstone is superbly 
exposed at the Robin’s Wood Hill GCR site but other 
poor exposures, usually of little more than the 
Capricornus Sandstone, are seen occasionally along 

the steep scarp of the Cotswold Hills and outliers to 
the west. This zone has not been exposed in any 
temporary excavations visited during the course of 
this work and hence is not considered further in this 
account. 

 

 
 
Figure 4. Sketch map of the Bishops Cleeve area showing distribution of ammonite zones and 
subzones proven in temporary exposures (see Table 1 for key to letters used). Light shading = urban 
areas; dark shading = exposures. 
 
 
 

3. DETAILS OF THE BISHOP’S CLEEVE AREA 
Until work on the Bishops Cleeve Bypass, and 
associated housing development, commenced in 1989 
it appeared that the Lower Lias outcrop in this area 
was structurally uncomplicated. The evidence at that 
time indicated that a gentle eastward dip of the strata, 
coupled with a gentle westward decline in altitude, 
caused progressively lower ammonite zones/subzones 
to outcrop the further westwards one travelled from 
the foot of the Cotswold scarp towards the basal Lias 

and Penarth Group escarpment running roughly 
between Tewkesbury and Gloucester. Hence  various 
small exposures around Woodmancote, and a pipe 
trench between Woodmancote and Southam, yielded 
evidence for the Ibex Zone [Acanthopleuroceras, 
Beaniceras, Liparoceras, Tragophylloceras]; 
exposures on the east side of Bishops Cleeve were 
predominantly in the Jamesoni Zone; while on the 
west side of Bishops Cleeve exposures were largely of 
the Raricostatum Zone, with gravel workings beyond 
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exposing Raricostatum Zone passing still further 
westwards into the Oxynotum and then Obtusum 
zones as Stoke Orchard was approached. Indeed, in 
the largest excavations, associated with the landfill 
sites between Bishops Cleeve and Stoke Orchard, it 
has often been possible to see this gentle easterly dip 
although minor faults and flexures also are often 
apparent. 
  
Closer examination of the outcrop pattern shows that a 
housing development in 1972 at Crown Drive (SO 
957269), on the south side of Bishops Cleeve, and a 
pipeline trench a little further south in 1973-4, 
exposed the Densinodulum and lower Raricostatum 
subzones, whereas the easternmost excavations in the 
Elliot’s Sand Pit complex (SO 948272), worked in the 
early to mid-1970s, exposed the Macdonnelli 
Subzone. Although this suggested the presence of an 
intervening minor flexure or fault, there otherwise 
appeared to be no significant anomalies within this 
general eastward-dipping pattern, with one possible 
exception. A large fragment of Asteroceras cf. 
stellare, together with a specimen of Cardinia listeri, 
was unearthed from a pipe trench in 1974 (at SO 
96132635) in an area which otherwise appeared 
exclusively to be of Raricostatum Zone. This 
specimen remained enigmatic for some 15 years and 
expectations were that the bypass would lie largely, if 
not entirely, on the Raricostatum Zone. In fact the 
reality proved very different and revealed the true 
significance of this anomalous specimen. 
  
Near the southern end of the bypass excavations for a 
warehouse (SO 953266) exposed typical Oxynotum 
Subzone mudstones, but the true magnitude of the 
outcrop anomalies became evident further to the 
north. The Obtusum Zone, often represented by 
subzonally diagnostic ammonite taxa, was identified 
at several points; just west of The Grange; for about 
200 metres west of the central roundabout before 
giving way to Raricostatum Zone, Densinodulum 
Subzone; and for at least 500 metres east of the 
northern roundabout. The Turneri Zone below was 
proven around 150 metres north of the northern 
roundabout. Perhaps the most informative section was 
exposed in a minor drainage ditch which was followed 
westwards from SO 95262805 to SO 94362800. At 
the eastern end fragments of Microderoceras 
indicated the Birchi Subzone, with the Turneri Zone 
also indicated just east of a small footbridge some 150 
metres to the west. Slickensided calcite veins just west 
of the footbridge, at SO 95022807, and about 300 

metres further west, with two distinct zones of veining 
at about SO 94702806, indicated faults, but the 
intervening exposures yielded fragments of 
Arnioceras and Euagassiceras, clear evidence for the 
Semicostatum Zone, Sauzeanum Subzone. 
Immediately west of the western faults the mudstones 
yielded ammonites indicative of the Densinodulum 
Subzone, with the Oxynotum Subzone proved about 
200 metres further to the west. 
  
The evidence from the Bishops Cleeve Bypass 
showed that in places the Lower Lias outcrop is 
structurally complex. The outcrop pattern, as revealed 
by the distribution of stratigraphically diagnostic 
ammonites, is impossible to resolve with just one or 
two faults and it seems probable that the area is 
traversed by a series of narrow fault blocks bringing 
the older strata to the surface and interrupting the 
otherwise simple outcrop pattern originally envisaged 
for this area. Substantial faulting occurs just a few km 
to the north associated with the outlier of Oxenton 
Hill. At least two of these faults are readily evident 
from the juxtaposition of major lithostratigraphic units 
(Whitby Mudstone Formation [Toarcian] downthrown 
against Charmouth Mudstone Formation [Lower 
Pliensbachian]). Southward extensions of these, or 
related, faults may well account for the anomalous 
outcrop pattern around Bishops Cleeve which lies less 
than 3 km to the south. 
  
Another minor anomaly, perhaps attributable to 
faulting, was recorded during development of the 
Woodmancote Park estate (centred on SO 968274) 
between 1976 and 1984, in a pipe trench immediately 
west of the railway (SO 96532708), and in 
excavations associated with the adjacent bridge (SO 
96562703). Most of the estate, and the bridge 
excavations, exposed the Jamesoni Subzone with 
Uptonia spp. while the pipeline trench west of the 
railway yielded species of Polymorphites and 
Platypleuroceras characteristic of the mid-Jamesoni 
Zone. However, the south-western corner of the estate 
yielded a fauna typical of the so-called ‘Tubellum 
Beds’ at the base of the Taylori Subzone, suggesting 
either severe flexuring in this area or a minor 
upfaulted block. 
  
Some 350 metres to the south deep excavations in 
1980 for a trunk sewer exposed much of the Jamesoni 
Zone, described earlier, and part of the Ibex Zone as it 
crossed the rising ground to the east of the railway. 
Immediately east of the railway (SO 96542670) a 
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specimen of Vicinodiceras indicated the uppermost 
Aplanatum Subzone, but barely 60 metres to the 
north-east (SO 96602672) several specimens of a 
small oxynoticeratid were recovered but no other 
stratigraphically diagnostic taxa. Only 50 metres 
further to the north east (SO 96652675) an abundant 
fauna with Platypleuroceras, Polymorphites and 
Uptonia provided clear evidence for the mid-Jamesoni 
Zone. The presence of these oxynoticeratids, 
tentatively identified by D.T.Donovan and 
H.C.Ivimey-Cook (pers. comm., 1982-3) as 
Oxynoticeras cf. buckii, suggests the presence of the 
lower Oxynotum Zone. This evidently was the 
interpretation favoured by Richardson (1918) who 
identified the Oxynotum, Raricostatum, Jamesoni and 
Ibex zones in trenches excavated close by for the 
Cleeve Sewage Works in 1907. The oxynoticeratids 
recovered from the 1980 excavations clearly were not 

Oxynoticeras oxynotum, the species claimed by 
Richardson (1918), and no evidence was found for the 
presence here of the Raricostatum Zone. If these 
specimens do indicate the Oxynotum Zone then it 
suggests a very narrow upfaulted block within an 
otherwise continuous Jamesoni Zone sequence. 
However, another distinct possibility, and that 
favoured here, is that these oxynoticeratids are 
actually from the lower Jamesoni Zone and represent 
the Hypoxynoticeras of Spath (1925). In support of 
this a pyritised nucleus, and several impressions, of 
undoubted oxynoticeratids were recovered from 
proven Taylori Subzone mudstones, with 
Gemmellaroceras, Vicinodiceras and a characteristic 
belemnite fauna, exposed in 1974 in a pipeline trench 
600 metres further south (SO 96482607). 
  
 

 
 

 
 

Figure 5. Typical ammonites from Oxynotum Subzone mudstones to the west of Bishops Cleeve. Left 
column from the top;  Cheltonia acciptris, Bifericeras bifer and Oxynoticeras oxynotum. The large O. 
oxynotum on the right is 28 cm in diameter. 
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To the west of the Bishops Cleeve Bypass a series of 
gravel workings and landfill sites have afforded 
abundant opportunities for collecting over more than 
three decades. In the 1970s and 1980s two gravel pits 
were operational, Packer’s Sand Pit (SO 943274) and 
Elliot’s Pit (centred on SO 944272), but subsequently 
were landfilled. From the late 1980s up to the present 
day Grundon’s have opened a series of pits for landfill 
(centred on SO 939276) moving progressively further 
west from Packer’s Sand Pit as far as the main 
Cheltenham-Birmingham railway line. These have 
proven a succession of faunas through the 
Raricostatum and Oxynotum zones (Simms in 
Hollingworth et al., 1990), with probably most of the 
ammonite horizons of Page (1992) being present. The 
entire succession is dominated by blue-grey 
mudstones and muddy siltstones, with occasional 
small nodules and an often abundant fauna of pyritic 
ammonites and many other invertebrate fossils. A 
substantial (c.0.5 m thick) indurated siltstone is 
present low in the Oxyotum Subzone. The Oxynotum 
Subzone yields abundant Oxynoticeras oxynotum, 
Cheltonia, Bifericeras and occasional 
Palaeoechioceras and Angulaticeras. The 
Densinodulum Subzone is characterised by abundant 
Bifericeras (‘Hemimicroceras’), Crucilobiceras and 
Eoderoceras, together with some echioceratids 
(Orthechioceras, Plesechioceras) and the 
oxynoticeratids Gleviceras and Paracymbites. The 
Raricostatum Subzone is dominated by echioceratids, 
particularly Echioceras and Paltechioceras. The 
Macdonnelli Subzone is characterised by 
Paltechioceras, Leptechioceras and Neomicroceras. 
Although not seen in situ, the Coral Band of Wright 
(1878-86) was present at Elliot’s Pit and yielded 
abundant specimens of Stylophyllopsis rugosa; this 
represents a useful marker band for the approximate 
position of the Densinodulum-Raricostatum subzone 
boundary. 
  
To the west of the railway line further major landfill 
excavations have exposed the full sequence of 
ammonite subzone from Stellare to Oxynotum 
discussed earlier. 
 
4. HISTORICAL MISCONCEPTIONS OF THE 
LOWER LIAS SUCCESSION 
Observations of the Severn Basin Lias Group 
lithostratigraphy made in the 19th Century, when 
there were many more exposures than now, have had 
a profound influence on late 20th Century 
interpretations of the succession, which have often 

been accepted uncritically by many workers on the 
British Lower Jurassic. The most serious 
misinterpretations occurred in the Upper Sinemurian, 
with inadequate data from the mid-19th Century being 
used in the late 20th Century to incorrectly correlate 
particular lithostratigraphic units with the ammonite 
biostratigraphy (e.g. Getty in Cope et al., 1980). 
  
Murchison (1845), in his Geology of the 
Neighbourhood of Cheltenham, was the first to 
summarise the Lias Group in the Severn Basin and 
briefly described a series of named lithostratigraphic 
units within what he termed the “Lower Lias Shale”, 
summarised as follows. 
 
Ochraceous Lias - c.4 feet thick and lies immediately 
below the Marlstone (=  Middle Lias of these early 
accounts). Yellow clay with ferruginous nodules. 
Exposed at Dumbleton, Charlton, and at the foot of 
Battledown Hill. 
 
Laminated Lias - c.10 feet thick, of laminated blue 
clay, said to contain Ammonites of the species 
conybeari, crenata, cheltensis, henleyi and taylori. 
Exposed in brick pits at Shackell’s Pike Road and 
Coltham Fields. 
 
Four “beds of clay” were described as prevailing in 
the Vale of Gloucester, as follows; 
 
Belemnite Bed - c.12 feet thick, and containing 
abundant belemnites. 
 
Ammonite Bed - c.3 feet thick, clay coloured yellow 
by the decomposition of iron pyrite, and containing 
many species of Ammonites, particularly elegans, 
turneri, smithii, birchii, planicostatus and obtusus. 
 
Hippopodium Bed - c.10 feet thick, characterised by 
Hippodium ponderosum. Exposed in the railway 
cutting at Bredon. 
 
Cardinia Bed - a “thick bed of clay” in which 
Cardinia listeri is characteristic. Exposed in railway 
cuttings at Defford and Eckington, and in brick pits at 
Bishops Cleeve. 
 
The Blue Lias Formation beneath was divided into 
two main units; 
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Plagiostoma Beds - described as “nodular masses of 
limestone embedded in clay”, this comprises most of 
the formation. 
 
Saurian Beds - comprising “the lowest beds of the 
Lias”. 
 
The ammonites and localities cited for these units, 
combined with my own observations made over some 
30 years, suggest considerable confusion and 
misinterpretation of the succession as it was described 
by Murchison (1845). His description of the 
‘Ochraceous Lias’ could equally be applied to 
weathered Lias mudstone in the top 1-2 metres of any 
exposure at almost any stratigraphic level above the 
Blue Lias Formation, although the cited localities 
indicate that he applied the term more specifically to 
part of the Lower Pliensbachian, probably within the 
Ibex Zone. Such weathered clays invariably are 
underlain by unweathered grey mudstones, probably 
represented by his ‘Laminated Lias’. Three of the 
ammonites (Androgynoceras henleyi, Liparoceras 
cheltiense [=cheltensis] and Phricodoceras taylori) 
indicate the Davoei, Ibex and Jamesoni zones 
respectively, which is broadly consistent with the 
localities cited, but the identity of the other two 
species is unclear. No ammonites were cited from the 
‘Belemnite Bed’ but its position, ostensibly below 
strata with Lower Pliensbachian ammonites, suggests 
that it may represent the lower part of the Jamesoni 
Zone, in which belemnites are more abundant and 
diverse than at any other level in the Lower Lias of the 
Severn Basin. Getty (in Cope et al., 1980) instead 
suggested that this unit was of Obtusum or Turneri 
zone age but my own observations do not support this. 
In the Severn Basin belemnites are rare below the 
Obtusum Zone and represent no more than a minor 
element of the fauna below the Raricostatum Zone, 
only becoming abundant in the Jamesoni Zone. 
  
Murchison’s ‘Ammonite Bed’ is intriguing since it is 
impossible to reconcile his description with any 
stratigraphic succession published subsequently, or 
with my own observations. Most of the ammonites 
cited indicate the Turneri Zone (Caenisites turneri, 
Microderoceras birchi) or Obtusum Zone 
(Asteroceras obtusum, A. smithii, Promicroceras 
planicosta) but his Ammonites elegans, if interpreted 
as Liparoceras elegans, would indicate the Ibex Zone. 
Although there is some evidence of a hiatus between 
the Obtusum and Oxynotum zones, nowhere in the 
Severn Basin has any evidence been found to indicate 

that the Turneri and Obtusum zones are condensed 
into a single pyritic bed barely a metre thick. The 
suspicion must remain that the species he cited for this 
unit were actually collected from more than one site, 
or at least from significantly different stratigraphic 
levels. One might conjecture that Murchison’s 
description of this ‘Ammonite Bed’ was written 
sometime later, perhaps after his specimens had 
become muddled even assuming that he had collected 
them himself. He may have confused in his mind their 
original source with other sites, perhaps in the 
Oxynotum or Raricostatum zones, where pyritic 
ammonites are abundant. 
  
Murchison’s ‘Ammonite Bed’ was said to be 
underlain by a ‘Hippopodium Bed’. From my own 
observations the genus is common at two horizons; in 
the lower part of the Raricostatum Zone and in the 
upper part of the Obtusum Zone, both a little below 
conjectured hiatuses. That observed by Murchison 
would appear to be the lower of the two, judging from 
its presence in the Bredon railway cutting, where the 
Stellare Subzone was proven (Wright, 1878-86). The 
‘Cardinia Bed’ below this probably is of Turneri or 
Obtusum zone age judging from its occurrence at 
Defford and Eckington. 
  
Wright (1878-86) also briefly described the Lower 
Lias of the Severn Basin, although in this instance he 
adopted a biostratigraphic rather than 
lithostratigraphic approach. His observations of 
lithologies generally accord more closely with the 
present account than with that of Murchison (1845). 
Although his account of the succession was very 
general, he did include a more detailed section 
through part of the Raricostatum Zone then exposed at 
Marle Hill (the Folly Lane brickpit of later authors), 
on the northern outskirts of Cheltenham. The section 
as he described it was as follows, with taxonomic 
names updated; 
 
Gryphaea Bed - 3-4 feet. Hard ferruginous clay with 
abundant Gryphaea mccullochi. 
 
Coral Band - 1-1.5 inches. Lightish-coloured unctuous 
clay with abundant Stylophyllopsis rugosa, mostly 
attached to the curved valves of Gryphaea. 
 
Hippopodium Bed - 8-10 feet. Stiff, dark-coloured 
clay, in some parts ferruginous, containing Cardinia 
listeri and Hippopodium ponderosum in considerable 
numbers. 



 
 Proceedings of the Cotteswold Naturalists’ Field Club   
    
 

 204 

Ammonite Bed - thickness not ascertained. Dark 
ferruginous clay with abundant pyritic ammonites; 
Crucilobiceras denisinodulum, Bifericeras grp. 
subplanicosta, Echioceras raricostatum. 
 
Getty (in Cope et al., 1980) interpreted Wright’s 
Ammonite Bed as encompassing the Densinodulum, 
Raricostatum and Macdonnelli subzone, with the 

Hippopodium Bed, Coral Band and lower part of the 
Gryphaea Bed all within the Aplanatum Subzone. 
However, this same succession has been exposed at 
various sites in northern Gloucestershire and my own 
observations indicate that the Coral Band lies at or 
close to the Densinodulum-Raricostatum subzone 
boundary, with the Gryphaea Bed probably extending 
no higher than the Raricostatum Subzone. 

 
5. SUMMARY AND CONCLUSIONS 

Observations from temporary exposures in northern 
Gloucestershire, outlined in this paper, indicate that 
virtually a complete succession of ammonite zones 
and subzones of the Lower Lias (Hettangian to Lower 
Pliensbachian) is present in this part of the Severn 
Basin. Hiatuses are indicated in the upper 
Semicostatum Zone (Sauzeanum Subzone); between 
the Obtusum and Oxynotum zones; and in the lower 
Raricostatum Zone, but the full sequence of ammonite 
subzones appears to be present in the basin 
  
One of the earliest descriptions of the Sinemurian, by 
Murchison (1845) bears little similarity to that 
deduced from my own observations and his named 
lithostratigraphic units, perpetuated even within the 
late 20th Century (Getty in Cope et al., 1980) should 
be abandoned. The succession recorded at the Folly 
Lane Brickworks by Wright (1878-86), and cited by 
subsequent authors, is broadly correct and has since 
been recognised at many other sites. The Coral Band 
is a particularly useful marker horizon and lies close 
to the Densinodulum-Raricostatum subzone boundary. 
As such Getty (in Cope et al., 1980) was incorrect in 
assigning this, and the beds immediately above and 
below, to the Aplanatum Subzone. Wright’s 
‘Ammonite Bed’ and ‘Hippopodium Bed’ are largely, 
if not entirely, of Densinodulum Subzone age while 
the ‘Gryphaea Bed’, above the Coral Band, is of 
Raricostatum Subzone age. 
  

Detailed mapping of temporary exposures, as outlined 
in this paper, is an invaluable tool in elucidating the 
outcrop pattern of ammonite zones, and thereby 
gaining an insight into the, otherwise largely hidden, 
geological structure of the Lower Lias in the Severn 
Basin. The data acquired over the last thirty years 
indicate a general slight easterly dip, such that 
progressively lower zones and subzones are 
encountered from east to west. However, it has also 
revealed significant anomalies suggesting that this 
general easterly dip is interrupted locally by narrow 
zones of faulting with throws of perhaps 50 metres or 
more. Without careful documentation of the ammonite 
evidence these relatively small-scale structures would 
remain undetected. 
  
Temporary exposures are a valuable source of 
information on the succession and outcrop patterns 
across the Severn Vale but continue to be largely 
neglected by the geological community. Efforts 
should be made to ensure that future opportunities are 
not missed and that this valuable information is 
adequately, and permanently, documented. 
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