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Introduction 
Britain holds an important place in the historical 

development of oil-shale working. The first oil-shale patent 
“A way to extract and make great quantityes of pitch: tarr 
and oyle out of a sort of stone” (Crown Patent No. 330) was 
granted to a group of English entrepreneurs in 1694. The first 
substantial shale-oil industry was begun in 1851 in the Lothians 
of Scotland by John Young and others based on Carboniferous 
cannel coals (terrestrial oil shales). By 1865, 120 shale-oil 
works were operating and at its peak in 1913, 3.2 million tons 
of shale were processed (Carruthers et al., 1927). The industry 
declined slowly but steadily, with minor expansions during 
the war periods, due to the increasing availability of cheap 
imported crude oil and finally closed down in 1962 (Cameron 
and McAdam, 1978). 

Oil shales occur at a number of other stratigraphical levels 
in Great Britain notably in the Devonian and Jurassic but, of 
these, only the KCF has been the subject of serious attempts at 
commercial exploitation as a source of oil. Assessments of the 
Kimmeridge Clay oil shales in Dorset and Lincolnshire were 
made by the Ministry of Munitions during the First World War 
(Strahan, 1920) and attempts were made to exploit those in 
Norfolk by commercial companies during and shortly after 
the war (Forbes-Leslie, 1917; Gallois, 2012). All these attempts 
failed due largely to the high sulphur content (4 to 8 per cent) 
of the shale oil produced by retorting the oil shale. 

In 1973, at a time of an unprecedented rate of increase in 
world crude oil prices, the Department of Energy commissioned 
an assessment of possible oil-shale resources in the U.K. based 
on the data available at that time (Macleod Matthews, 1975). 
The report concluded that an economic case did not appear 
to exist for reopening the Scottish mines and recommended 
that a national study of the Kimmeridge Clay oil shales should 
be carried out. As a result, in 1976 the Department of Energy 
commissioned the Institute of Geological Sciences (now 
the British Geological Survey (BGS)) to carry out a study of 
the occurrence and geochemistry of the Kimmeridge Clay 
oil shales and shale oils in England and Scotland to enable 

informed decisions to be made on their use as an energy or 
petrochemical source should the need ever arise (Gallois, 
1979). 

Continuously cored boreholes were drilled down to the 
base of the oil-shale-rich parts of the succession at selected 
sites between Dorset and Yorkshire (Gallois, 1979) including 
at Tisbury, Wiltshire and Portesham, Kimmeridge Bay and 
Encombe in Dorset (Fig. 1). The borehole cores in the oil-
shale-rich parts of the succession were cut in half: one half 
was ground up to provide bulk samples for potential oil-yield 
analyses, the other half was used for chemical analyses and 
stratigraphy. Representative samples of the palaeontological 
and lithological marker beds together with suites of geophysical 
logs are archived in the National Core Store at BGS, Keyworth, 
Nottingham. 

Determining the precise depths from which rock cores have 
been retrieved from the ground is difficult, for several reasons. 
Core slippage can lead to inaccurate driller’s depths, natural 
fractures open as the cores dry out and, most importantly, 
mudstone cores expand when the lithostatic load is removed. 
The net effect is impossible to quantify from the cores alone, 
but a close approximation to the true depths can be obtained 
from geophysical logs. In the Kimmeridge Clay widely spaced, 
thin tabular limestones (stone bands) give rise to distinctive 
gamma-ray, resistivity and density signatures that are markedly 
different from those of the adjacent mudstones. They enable 
the positions of the stone bands to be measured to within 
50mm of their in-situ depths. Comparison of the geophysical 
‘true’ depths with those made on the cores of the Swanworth 
Quarry No 1 Borehole [SY 9675 7823] close to the type 
section of the KCF in Kimmeridge Cliffs showed a non-linear 
expansion of over 2.5% (Gallois, 2000). For this reason, the 
depths to marker beds in the present account, which are based 
on the cores, are given to the nearest decimetre. 
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Stratigraphy 
The Kimmeridge Clay Formation is divided into 13 

biozones based on ammonite assemblages. The oldest five, 
which form the Kimmeridgian part of the succession and 
the Lower Kimmeridge Clay of Arkell (1933), are based on 
aulacostephanid species. In ascending order Pictonia baylei,  
Rasenia cymodoce, Aulacostephanus mutabilis, A. eudoxus 
and A. autissiodorensis (Salfeld, 1914; Ziegler 1962, 1964). 
The younger eight zones, the Upper Kimmeridge Clay, are 
of Tithonian age. They are based on species of Pectinatites, 
Pavlovia and Virgatosphinctiodes, in ascending order P. elegans, 
P. scitulus, P. wheatleyensis, P. hudlestoni and P. pectinatus, 

Pav. pallasiodes, Pav. rotunda and V. Fittoni (Casey 1967; Cope 
1978). The base of the Kimmeridgian Stage is defined by a 
Global Boundary Stratotype and Section (GSSP) at Flodigarry, 
Isle of Skye, Scotland (Wierzbowski et al., 2023). The correlative 
of the boundary is represented by an unconformity on the 
Dorset coast. Most of the zonal boundaries have only been 
identified with confidence in the Dorset cliffs and in a few 
inland exposures such as the former Westbury Cement Works 
[ST 885 529] (Gallois, 2016). In continuous borehole cores 
there are invariably too few sufficiently complete ammonites 
preserved for the zonal boundaries to be identified accurately. 

The KCF has been extensively studied using continuously 

Figure 1. Geological sketch map of the outcrop and subcrop of the Kimmeridge Clay Formation 
showing the positions of localities referred to in the text. 

Figure 2. Geological sketch map of the Dorset type area of the Kimmeridge Clay Formation showing the positions of boreholes 
referred to in the text. The Tisbury Borehole site (Fig. 1) lies 50km due N of the Encombe Borehole site.
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cored boreholes for research purposes and engineering site 
investigations that required inter-borehole correlations that 
were more detailed than could be provided by the zonal 
scheme, even if the zonal boundaries could be recognised. 
Initially, in an area around The Wash, Norfolk (Fig.1) the KCF 
successions proved in boreholes drilled for a proposed water-
storage scheme were divided into 49 chronostratigraphical 
units (referred to as Chronounits KC 1 to KC 49) on the basis 
of a combination of lithological, macrofaunal and geophysical 
characters. These covered the Baylei to Pectinatus Zones, 
higher parts of the formation being absent due to late Jurassic 
erosion in that area. The classification was subsequently 
extended (KC 50 to KC 63) (Gallois and Etches, 2001) to cover 
the full thickness of the formation based on the Kimmeridge 
sea-cliff sections (Fig. 2) and continuously cored boreholes 
drilled close to the cliffs for the Rapid Global Geological 
Events (RGGE) Project (Gallois, 2000; Morgans Bell et al., 
2001). 

The Kimmeridge Clay Formation comprises marine 
mudstones with a rich and diverse fauna (Martill and Etches, 
2020). Well-preserved ammonites are common to abundant 
at many levels at outcrop and form the basis for the zonal 
scheme. The formation also contains faunal marker beds a few 
millimetres to a few centimetres thick (flood occurrences of 
Wood et al. (1984)), that are laterally persistent throughout the 
English outcrop and subcrop. They include ammonite marker 
beds that are laterally persistent throughout the English 
outcrop and subcrop, notable the Upper Crussoliceras Bed 
(Enay et al., 2014), the Nannocardioceras Beds (Callomon and 
Cope 1971) and the Rebholtzi Bed and Volgae Bed (Gallois, 
2000): see Figure 3 for key to symbols used in subsequent 
figures. Prominent lithological marker beds that were recorded 
in the boreholes described here include laminated coccolith-
rich limestones (the White, Middle White and Freshwater Steps 
Stone Bands of Arkell (1947), the organic-rich Blackstone, 
and thick (up to 20 m) beds of pale grey highly calcareous 
mudstone (KC 30, 40 and 44). At Kimmeridge Bay, the 
formation contains regularly spaced beds of dolostone/ferroan 
dolostone, mostly 0.2 to 0.3 m thick, that form prominent 
named ledges in the intertidal area (Washing Ledge, 
Yellow Ledge, etc.). Irwin (1980) showed that these formed 
diagenetically at differing depths by the replacement of other 
lithologies, one result of which is that they are not laterally 
persistent at the same stratigraphical level over distances of 

more than a few kilometres. Laterally persistent sedimentary 
breaks marked by bioturbated erosion surfaces overlain by 
shell debris and, commonly, by phosphatic and other small 
pebbles, occur at several horizons. These were interpreted as 
(Sequence boundaries by Taylor et al., 2000).

Tisbury Borehole, Wiltshire  
The Tisbury Borehole [ST 9361 2908] was sited in a disused 

Portland Stone quarry at Tuckingmill, Tisbury. The borehole 
was continuously cored from the lower part of the Portland 
Stone (Chilmark Stone of Arkell, 1933) to a level in the Eudoxus 
Zone (KC 27) at a final depth of 270.25 m. The succession 
is summarised in Figure 4. The base of the Portland Sand 
Formation is marked by a prominent erosion surface at 29.05 
m overlain by a pebble bed with phosphatic and radiolarian 
chert pebbles (the Upper Lydite Bed of Arkell, 1933). Beneath 
this, the highest part of the KCF comprises glauconitic very 
fine-grained sandstones that pass down into siltstones that 
continue to a prominent erosion surface and phosphatic 
pebble bed at 57.9 m. In the absence of identified ammonites 
this sedimentary break, which marks a sharp upward change 
from mudstones to siltstones, is taken to be the correlative of 
the sedimentary break and similar lithological change at the 
base of the Lower Houns-tout Silt of Gallois and Etches (2001) 
in the KCF type section at Houns-tout, Dorset. Townson (1975) 
suggested that this lithological change should mark the base 
of the Portland Sand Formation and the Portland Group.

Calcareous mudstones with fragmentary pavlovid 
ammonites and relatively common crustaceans continue down 
to another prominent sedimentary break and phosphatic 
pebble bed at 91.5 m which is correlated here with the Lower 

Lydite Bed of Wiltshire (Arkell, 1933) and the Chapman’s Pool 
Pebble Bed of Dorset (Cox and Gallois, 1981). These represent 
a widespread sedimentary break in the higher part of the KCF 
throughout southern England (Sequence Boundary Km 11 of 
Taylor et al., 2000). Calcareous mudstones with two beds of 
siltstone (0.3 and 1.2 m thick) at 96 m and 101 m, and thin 
oil shale seams at 112.2 m and 114.4 m continue down to a 
glauconitic siltstone that rests on an erosion surface at 122.6 
m (possibly Sequence Boundary Km 10 of Taylor et al., 2000). 
The presence of fragments of pavlovid ammonites in the 
upper part and of perisphinctids in the lower part indicates 
that the junction of the Pectinatus and Pallasiodes zones falls 
in this interval. An attenuated equivalent of the coccolith-rich 
White Stone Band at 125.8 m, close below the erosion surface, 
suggests that the Middle White and Freshwater Steps Stone 
Bands (KC 47 to 49) have been cut out by the erosion surface.

Between the base of the White Stone Band and the top 
of the lithological distinctive pale grey calcareous mudstones 
of KC 44 at 146.10m, a succession of dark grey mudstones 
with oil-shale interbeds (KC 45) is unusually thick (20.2 m) 
in comparison with 10.9 m in Kimmeridge Cliffs, the thickest 
succession recorded elsewhere in England. The most likely 
explanation is repetition by faulting. A stone band at 150.5 m 
is at a similar stratigraphical level to that of the Basalt Stone 

Figure 3. Key to Figures 4 to 6. 
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Band at Kimmeridge. An erosion surface at the base of KC 
44 (Sequence Boundary Km 9 of Taylor et al., 2000) at 150.3 
m cuts out the upper part of KC 43. Beneath this, the oil-
shale-rich KC 42 is present at 155.4 m to 157.3 m with the 
organic-rich Blackstone with pyritised Saccocoma at 155.2 
m. The pale calcareous mudstones of KC 40 at 163.35 m to 
165.8 m include cementstone beds at 164.2 m and 164.6 m at 
similar stratigraphical levels to the Grey Ledge and Southard 

Stone Bands of the Dorset coast. The base of KC 36, which is 
a proxy for the Kimmeridgian-Tithonian boundary in England, 
was taken at 189.9 m at the top of a shelly bed with the last 
occurrence of Aulacostephanus. Fragmentary Aulacostephanus 
and Subdichotomoceras indicative of KC 34 are common from 
210.0 m to c. 221 m. The junction of KC 34 and KC 33 lies 
between the distinctive Volgae and Rebholzi ammonite marker 
beds at 220.5 m and 222.0 m respectively. The oil-shale-rich 

Figure 4. The Kimmeridge Clay Formation succession proved in the Tisbury Borehole. See Fig. 3 for key. 
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mudstones of KC 32 with abundant Nannocardioceras (the 
Nannocardioceras Beds of Callomon and Cope, 1981) and 
common Aulacostephanus, Aspidoceras and its microconch 
Sutneria are well developed at 230.6 m to 235.7 m. At 
240.4 m to 250.5 m the pale calcareous mudstones of KC 
30 include tabular cementstones at 245.5 m and 250.5 m at 
similar stratigraphical levels to the Swanworth C and D Stone 
Bands of the Dorset type section (Gallois, 2000). The Upper 
Crussoliceras Bed is present at 242.2 m in the upper part 
of the unit. The base of the oil-shale-rich KC 29, the Lower 
Eudoxus Band of Gallois (1979), was taken at 261.0 m. The 
borehole was terminated at 270.3m in KC 28 below the level of 
economic hydrocarbons interest.

Portesham Borehole, Dorset 
The Portesham Borehole [SY 6214 8554] was sited on the 

higher part of the KCF (Pectinatus Zone) c. 250 m S of Waddon 
House and 1.5 km W of the Kimmeridge oil-shale-exploration 
borehole [SY 637 856] drilled by the Ministry of Munitions at 
Corton in 1917 (Strahan, 1920). The borehole commenced 
coring in pale calcareous mudstone in the lower part of the 
Pectinatus Zone (KC 49) and was continuously cored to a 
depth of 208.80 m in the Eudoxus Zone. A summary of the 
succession is shown in Figure 5. The borehole was located c. 
28 km WNW from the KCF type section in Kimmeridge Cliffs. 
The two successions are lithologically and faunally closely 
similar and can be matched in detail although the Portesham 
succession is c. 30% thinner than that at the type section.

The principal marker beds and chronostratigraphical 
boundaries in descending order are as follows. The Freshwater 
Steps Stone Band at 8.3 to 9.1 m is underlain by alternating 
mudstones and oil shales of KC 46 to KC 48 with the White 
Stone Band well developed at 20.9 to 21.9 m at the base of KC 
46. The Middle White Stone Band, a prominent marker bed in 
the cliffs, was not recorded. The oil-shale rich-mudstones of 
KC 45 rest with sharp lithological contrast on top of a tabular 
cementstone at 29.5 to 29.7 m which marks the top of the thick 
pale calcareous mudstone KC 44. The base of KC 44 is marked 
at 46.1 m by the top of a coccolith-rich oil shale, the Short 
Joint Coal of Kimmeridge Cliffs. Below this, the oil-shale-rich 
unit KC 42 is well developed with the Blackstone with pyritised 
Saccocoma at 51.1 to 51.5 m. A cementstone at 62.9 m at a 
similar stratigraphical level to the Grey Ledge Stone Band of 
the type section marks the top of the calcareous mudstone KC 
40. Below, this the rhythmic alternations of mudstones and thin 
oil shales of KC 36 to KC 39 continue down to 104.2 m where 
the incoming of Aulacostephanus spp. marks the top of KC 35 
and the Kimmeridgian Stage. A Gravesia recorded at 111.5 m is 
at a similar stratigraphical level in KC 35 to specimens recorded 
in Kimmeridge Bay (Cox and Gallois, 1981). The Volgae and 
Rebholzi ammonite marker beds are present at 130.9 and 139.9 
m respectively: the junction of KC 33 and KC 34 at 131.2 m is 
marked by the last occurrence of Aspidoceras.

The base of KC 33 was taken at 148.5 m at the incoming 
of the oil-shale-rich KC 32 with common plasters of 
Nannocardioceras which extend down to the base of the 
unit at 153.5 m. The thick calcareous mudstone unit KC 30 
at 159.8 m to 175.6 m contains the Upper Crussoliceras Bed 
at 167.5 m and tabular cementstones at 175.0 and 175.5 m at 
stratigraphically similar levels to the Swanworth C and D Stone 
Bands of the type section. The Lower Eudoxus oil-shale-rich 
band (KC 29) includes oil shales with pyritised Saccocoma at 
178.4 to 179.8 m and 181.2 m. A coccolith-rich bed at 184.5 
m may be the correlative of Bed EU1 of Gallois and Medd 
(1979). The base of the chronostratigraphical unit was taken at 
190.0 m at the base of the oldest of a group of oil shales. The 
borehole was terminated at 208.40 m in KC 28. 

Figure 5. The Kimmeridge Clay Formation succession proved 
in the Portesham Borehole. See Fig. 3 for key. 
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Figure 6. Comparison of the Kimmeridge Clay Formation successions in the Tisbury and Portesham Boreholes with that in 
Kimmeridge Cliffs. See Fig. 3 for key. Note differences in the vertical scales: the cliffs succession is c. 40% thicker than that 
proved in the Tisbury Borehole.
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Encombe And Kimmeridge Bay Boreholes, Dorset 
The Kimmeridge Bay and Encombe boreholes were drilled 

to provide unweathered samples for analysis close to the sea-
cliffs between Kimmeridge Bay and Chapman’s Pool. The 
Kimmeridge Bay Borehole [SY 9097 7899] was sited in the 
car park 20 m from the cliff edge close to where the Maple 
Ledge Fault is exposed. The borehole was continuously cored 
from the upper part of the Autissiodorensis Zone (KC 34) to 
a total depth of 116.81 m in the lower part of the Eudoxus 
Zone (KC 32). The succession proved in the borehole down 
to the level of the Hobarrow Bay Stone Band, the lowest bed 
exposed in the sea cliffs, is closely similar to that recorded in 
chronounits KC 32 to 34 in the Kimmeridge Bay cliffs by Cox 
and Gallois (1981). The one exception is a small difference 
in the thickness of the beds between the top of the Washing 
Ledge Stone Band and the base of the Maple Ledge Stone 
Band which indicates that <0.5 m of the top part of KC 34 
is cut out by the Maple Ledge Fault in the cliffs. The ‘fault’ 
exposed on the foreshore and in the cliff is a complex fracture 
zone 1.5 to 4 m wide indicative of multiple movements. The 
succession proved below the Hobarrow Bay Stone Band 
is closely similar to that proved in the Metherhills Borehole 

(Gallois, 2000) with the Swanworth D and C Stone Bands at 
95.0 and 106.1 m respectively.

The Encombe Borehole [SY 9446 7785], drilled at Encombe 
Farm 520 m north of the sea cliffs, commenced in pale 
calcareous mudstones (KC 55) and terminated in mudstones 
with thin oil shale beds (KC 41) at 132.8 m. The succession 
proved in the borehole is closely similar to that exposed in the 
nearby cliffs with two major exceptions. The Encombe Stone 
Band at 33.5 to 40.0 m is represented in the cliffs by a bed 
of pale weathering, highly calcareous mudstone. A fault zone 
with fractured mudstones, oil shales and limestones with dips 
of 20° to 40° between 52 m and 59 m cuts out the Freshwater 
Steps Stone Band. Below this the Middle White (66.2 m), 
White (77.1 m), Basalt (94.0 m) and Rope Lake Head (117.1 m) 
stone bands and the Blackstone (122.5 m) are present in their 
anticipated positions. The borehole was terminated in KC 41 at 
a depth of 135.57 m. Correlation of the chronostratigraphical 
units and the principal marker beds in the Tisbury and 
Portesham boreholes with those in Kimmeridge Cliffs is shown 
in Figure 6.

Summary 
Notwithstanding the differences in the total thicknesses of 

the successions, the lithostratigraphy and biostratigraphy of 
the Tisbury and Portesham boreholes is closely similar to those 
at Kimmeridge Bay (Fig. 6). The principal differences between 
the Tisbury and Kimmeridge successions are the effects that 
erosion surfaces have on the succession. For example, the gap 
between the Volgae and Rebholzi ammonite marker beds and 
that between the base of KC 59 and the base of the Portland 

Stone is c. 50% less in the Tisbury Borehole than that in 
Kimmeridge Cliffs. This is likely to be due to the presence 
of additional erosion services as the Anglo Brabant High is 
approached. The presence of laterally persistent fossil marker 
beds only a few centimetres thick in the KCF throughout 
its outcrop and subcrop indicates that the environmental 
conditions were closely similar over a large area at any one 
particular time.
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