
Despite their maturity of exploration and
development, Middle Jurassic sandstones of the
North Sea and offshore Mid-Norway still repre-
sent some of the most prolific hydrocarbon
reservoirs in northwest Europe. Of these, the
Brent and Fangst Groups (Deegan & Scull 1977;
Dalland et al. 1988) are particularly important
and, despite the vast number of wells, the
published chronostratigraphic schemes are
poorly calibrated with confidently dated,
onshore sections. The Ravenscar Group of the
Cleveland Basin, Yorkshire (Fig. 1) consists of
five formations (Rawson & Wright 1995; Fig. 2).
This group comprises similar facies to those
encountered in the Brent Province and Mid-
Norway with sandstones, siltstones, mudstones
and coals of Aalenian to Bathonian age
deposited in a coastal/delta plain to shelfal
environment. A palynostratigraphical scheme
has been developed from quantitative palyno-
logical analyses of 114 field samples taken from
Ravenscar Group outcrops. This has allowed a
chronostratigraphical subdivision of the Raven-
scar Group and enabled regional correlation of
the constituent formations with coeval sedi-
ments of similar facies of the North Viking
Graben (Brent Group) and offshore Mid-
Norway (Fangst Group).

Methodology and techniques

The analyses were concentrated on three key
sections near Whitby, Ravenscar and Scar-
borough (Fig. 1). Additionally, some of these
sections were logged sedimentologically to
place the samples in a sedimentary facies
context. Samples were selected from mudstones,
siltstones and argillaceous sandstones as
previous experience has demonstrated these
lithologies to be most productive for palynology.
Palynological preparations were made using a
standard acid maceration and oxidation process
with the residue strewn onto a permanent glass
slide and analysed under the light microscope.
For each sample, a split count technique was
undertaken where 200 specimens were counted
in the 10 µm fraction. An additional count was
made where 100 dinoflagellate cysts were
counted, wherever practical, concurrent to the
first count, providing a high-resolution, quanti-
tative database. Additionally, each slide was
thoroughly scanned to ensure that all minor
occurrences were recorded and that the abun-
dance data were representative of the entire
slide. A combination of numerical abundance
changes in conjunction with evolutionary tops
and bases of key palynomorph taxa (mainly
dinoflagellate cysts; Williams et al. 1998 provide
a comprehensive index for all dinoflagellate cyst
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taxa discussed herein) have been used to
constrain the gross stratigraphy. This approach
has proven instrumental in many studies
particularly of the Lower–Middle Jurassic of the
Mid-Norway Heidrun Field (Pedersen et al.
1989) and in the Viking Graben to the south
(Mitchener et al. 1992; Whitaker et al. 1992; Bray
et al. 1995). The abundance events may be mani-
fested as top increases, acmes or base increases
of a specific taxon or group of taxa. A number
of significant events are established herein and
summarized in Figure 3. These are regionally
correlative with the Brent and Fangst groups,
which has facilitated a refined stratigraphy for
these areas.

Previous palynostratigraphical work

Little has been published on the palynology of
the Middle Jurassic of Yorkshire. The earliest
palynological work was a comprehensive evalu-
ation of miospores from the entire Ravenscar
Group concentrating on taxonomy by Couper

(1958). However, some stratigraphical data are
of interest, particularly regarding the distri-
bution of Classopollis spp. that broadly concurs
with the distribution recorded herein. Hancock
& Fisher (1981) documented the palynofacies of
selected parts of the Saltwick, Eller Beck,
Cloughton and ‘lower’ Scarborough formations.
Although this information is useful, it provides
little foundation for stratigraphical interpret-
ation and correlation. Woollam & Riding (1983)
published a palynostratigraphical account on a
limited number of field samples. Riding (1984)
documented dinoflagellate cyst assemblages
from the mid-Toarcian to Aalenian of Blea
Wyke Point, Ravenscar. Palynofloral composi-
tion compares closely with that recorded herein.
The Scarborough Formation was documented
by Gowland & Riding (1991) and although a
useful sedimentary log was produced (and
utilized herein), only eight palynological
analyses were undertaken from the entire
formation. Hogg (1993) produced a comprehen-
sive account of the largely non-marine Scalby
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Formation. It is apparent that very few palyno-
stratigraphical data have been produced for the
more proximal facies of the Saltwick Formation,
Sycarham Member and Gristhorpe Member or
the marine Eller Beck Formation.

There is considerably more published palyno-
logical information regarding the Brent Group.
Authors including Graue et al. (1987), Mitch-
ener et al. (1992), Whitaker et al. (1992),
Helland-Hansen et al. (1992) and Husmo et al.
(2002) have published stratigraphical schemes,
the main conclusion being that the Broom
Formation is Aalenian in age, the Rannoch,
Etive and Ness formations are Bajocian and the
Tarbert Formation is ‘latest’ Bajocian or
Bathonian in age. This interpretation contrasts
markedly with the new data presented herein.

Palynostratigraphy of the Ravenscar
Group and correlation with the Brent and
Fangst Groups

The Lias Group and Dogger Formation were
sampled at two locations, namely at Blea Wyke
Point where it is 12 m thick and Whitby East
Cliff where it is condensed to less than 1 m thick.
The Dogger Formation generally comprises
argillaceous shelfal sandstones and siltstones
that rest unconformably on either the Blea
Wyke Sandstone Formation (at Blea Wyke
Point) or the older Whitby Mudstone Formation

(at Whitby East Cliff). These sediments yield
high numbers and a high diversity of dinoflagel-
late cysts assigned to the Family Phallocystaceae
(including Parvocysta nasuta, Susadinium scro-
foides, Susadinium faustum, Ovalicysta hiata,
Moesiodinium raileanui, Phallocysta eumekes,
and P. elongata). It is possible that these records
in the Dogger Formation at Whitby East Cliff
may represent reworked occurrences since
reworked mud-clasts derived from the Whitby
Mudstone Formation are present. However, a
diverse and abundant suite of Phallocystaceae
(dominated by Susadinium scrofoides and Oval-
icysta hiata with low but consistent numbers of
Phallocysta and Parvocysta spp.) are present in
the much thicker Dogger sequence at Blea
Wyke Point. The abundance and diversity of this
group however decreases sharply in the upper-
most part of the formation, a feature that has
also been identified in the uppermost Drake
Formation (Dunlin Group) in the North Viking
Graben (Bray et al. 1995) and uppermost Ror
Formation (Båt Group) in Mid-Norway (Butler,
personal observation). It is possible that these
events are a coeval response to a regional
regressive phase, which resulted from uplift at
the triple junction between the Viking Graben,
Moray Firth and Central Graben. However, the
top of diverse Phallocystaceae is also identified
within the Opalinum ammonite zone in the
Bearreraig Sandstone Formation of Skye,
Scotland (Riding et al. 1991) and consequently

MIDDLE JURASSIC NORTH SEA RESERVOIRS 45

STAGE

BATHONIAN

Ravenscar

Lias
Group

Group

BATHONIAN-
LATE BAJOCIAN

EARLY
BAJOCIAN

?

?

AALENIAN

164.4 Ma

180.1 Ma

LITHOSTRATIGRAPHY

Scalby Formation 60m

Long Nab Member

Moor Grit Member

Scarborough Formation 30m

Gristhorpe Member

Cloughton
Formation 85m

Eller Beck Formation 8m

9m
Lebberston

Member

Sycarham Member

Saltwick Formation

Dogger Formation

57m

12m

SYSTEM

176.5 Ma

172.87 Ma

CI
S

S
A

R
UJ 

EL
D

DI
M

Fig. 2. Subdivision of the Middle Jurassic (Aalenian–Bathonian) succession (modified after Rawson &
Wright 1992).

TMS-01 04 Butler (to_d)  14/10/05  10:42 am  Page 45



46 N. BUTLER ET AL.

E
G

A

E
N

O
Z 

E
TI

N
O

M
M

A
P

U
O

R
G

N
OI

T
A

M
R

O
F

R
E

B
M

E
M

PALYNOMORPHS

eaecatsyc
olla

h
P esrevi

D

etal

O
pa

lin
um

M
ur

ch
is

on
ae

 -
 C

on
ca

vu
m

D
is

ci
te

s
La

ev
iu

sc
ul

a
S

au
ze

i
H

um
ph

rie
si

an
um

S
ub

ylrae

naicoja
B

cissar uJ elddi
M

racsneva
R

reggo
D

Li
as

kci
wtla

S
B

E
no thguol

C
hguorobrac

S

m ahracy
S

bbeL
epro htsir

G
ht a

wle
H

hs
H

.ts
S  .

H
L

T
S

.
h

S.v
a

R
I

N
W

.
G.

g
o

B

KEY
Present/occasional

Common/abundant

EB Eller Beck

Sub Subfurcatum

Lebb Lebberston

Helwath Helwath Beck

Hsh Hundale Shale

H.sst. Hundale Sandstone

STL Spindle Thorn Limestone

Rav.Sh. Ravenscar Shale

WNI White Nab Ironstone

Bog.G. Bogmire Gill

nainela
A

aso ni ps aednhe uL

sarec irt sisp otar ec onna
N

atag nol e at syco llah P

sin ob
m ay tcid  sispot arecon na

N

xene s/sil ica rg s is potar ec onn a
N

si l lo po ssal
C

.
p

p s

sutabru t setirops alailla
C

se dionehcil 
muinido ilissi

D

a taci pa lif aig irtoru
D

iyevad a igi rtoru
D

iisa
m oht  at syc olla hP

muini doilissi
D

.fc
iel li

w  m ul uvo  a llei sn elaV

siral loca  a ea na
W

apsirc x alu ahtnac
A

F
ig

. 3
.

R
an

ge
s 

of
 s

el
ec

te
d 

ta
xa

 in
 th

e 
R

av
en

sc
ar

 G
ro

up
.

TMS-01 04 Butler (to_d)  14/10/05  10:42 am  Page 46



its true evolutionary top may also be manifested
in the Cleveland Basin. The Dogger Formation
is age dated as earliest Aalenian Opalinum
ammonite zone on the basis of ammonite faunas
recovered from Blea Wyke Point (Cope et al.
1980; Riding 1984).

The Saltwick Formation is characterized by
sandstones, siltstones, mudstones and coals
deposited in a paralic to non-marine environ-
ment. This was logged sedimentologically and
sampled for biostratigraphy at Whitby East Cliff
where it comprises a 33 m thick mudstone-
dominated succession (Fig. 4). Although no
ammonite faunas have been recovered, the age
of the formation is considered to be Aalenian
(Murchisonae to Concavum ammonite zones) in
age (Cope et al. 1980). A major basinward shift
in facies is inferred at the base of the formation
by the absence of dinoflagellate cysts and the
proliferation of pteridophyte spores in conjunc-
tion with lacustrine or overbank sedimentary
facies. This non-marine aspect persists through-
out the lower 10 m of the Saltwick Formation.

The middle to upper interval of the formation
is characterised by an increase in dinoflagellate
cysts that comprise approximately 1–2% of the
total palynoflora; principally Nannoceratopsis
gracilis, N. senex, N. triceras, Mancodinium semi-
tabulatum and Mendicodinium morgenrothii.
This assemblage, which broadly substantiates an
Aalenian age, has also been identified in the
Brent Group, Ness Formation. (The extinction
of Nannoceratopsis triceras is ammonite
constrained as ‘earliest’ Bajocian, intra-Discites
ammonite zone in the UK according to Woollam
& Riding 1983.)

Luehndea spinosa has been identified from
marine intervals in the ‘middle’ Saltwick Forma-
tion as well as consistently occurring in lower
delta plain facies of the Ness Formation. This
taxon has an accepted range top (extinction) in
the early Toarcian (Woollam & Riding 1983)
and its reappearance in these formations is
somewhat controversial. In the Brent Province,
the event was originally considered to represent
reworking of late Pliensbachian to early
Toarcian sediments. However, the occurrences
of Luehndea spinosa in these Aalenian sedi-
ments are associated with appropriate ichno-
faunas and sedimentary structures that are
consistent with a marginal marine, distal
environment as opposed to a non-marine, prox-
imate environment. Additionally, increases in
other dinoflagellate cyst taxa such as Manco-
dinium semitabulatum and Nannoceratopsis
spp., in conjunction with gymnosperm pollen
associations and lower numbers of pteridophyte
spores are noted. If Luehndea spinosa was

reworked then it would be reasonable to
encounter other indigenous late Pliensbachian
to early Toarcian taxa such as Scriniocassis
weberi, Comparodinium spp., Valvaeodinium
spp. and Maturodinium inornatum as reworking.
This is not the case in either the Saltwick or Ness
formations and consequently Luehndea spinosa
is considered to be in situ in these formations.
One possible interpretation for the disappear-
ance then reappearance of this taxon could be
that the motile stage responsible for Luehndea
spinosa stopped producing fossilizable cysts at
the end of the early Toarcian. Subsequently,
during the Aalenian, the motile forms (still
present in the water column) had become
adapted to life in stressed salinities and had
recommenced producing fossilizable cysts.
Alternatively, the forms identified as Luehndea
spinosa in the Saltwick and Ness Formations
may be subtly different from these older forms,
which became extinct in the early Toarcian.
Improved taxonomic work incorporating
scanning and transmission electronic
microscopy would be necessary to clarify this
hypothesis.

Miospores are generally characterized by
high numbers of pteridophyte spores through-
out. An up-section increase in the xerophytic
pollen genus Classopollis may be correlative
with a similar base increase identified in the
Ness Formation (associated with the base of the
‘mid-Ness shale’; Bray et al. 1995). This increase
may be the result of climatic change with an
increase in aridity (Vakrameev 1981; Abbink
1998) which commenced in the ‘mid’ Aalenian.
The effects of this increased aridity could be
manifested to the north and south of the Mid-
North Sea High, affecting both the Cleveland
Basin and the North Viking Graben.

The uppermost part of the Saltwick Forma-
tion yields a base and up-section increase in
Dissiliodinium lichenoides. The inception of this
dinoflagellate cyst was reported in the upper-
most part of the Murchisonae ammonite zone of
southwest Germany by Feist-Burkhardt &
Monteil (2001). A similar base and base increase
is also well documented in the uppermost Ness
Formation, where preserved (Butler, personal
observation). This event is absent from the Not
and ‘lower’ Garn formations, which are inter-
preted to predate it.

The Eller Beck Formation was sedimento-
logically logged and sampled near Cloughton
Wyke and is probably latest Aalenian in age
based on a lithostratigraphical correlation with
the Hydraulic Limestone in South Humberside
(Cope et al. 1980). It represents a significant
marine incursion and is characterized by the
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persistence of Dissiliodinium lichenoides, in
conjunction with Nannoceratopsis dictyambonis
and Dissiliodinium psilatum, all in high relative
abundances. Although the formation is

considered correlative with the ‘uppermost’
Ness Formation (where preserved in the North
Viking Graben), it post-dates the Not/‘lower’
Garn Formations which lack these taxa.
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The Cloughton Formation was also logged and
sampled near Cloughton Wyke and comprises
the Sycarham, Lebberston and Gristhorpe
members, which are of early Bajocian age (Cope
et al. 1980). Sediments of this age are significantly
truncated or may be condensed in the Brent
Province and Mid-Norway.

The inceptions of Durotrigia filapicata and
Sentusidinium granulatum were identified
within the Lebberston Member in the Cleveland
Basin sections. The true inception is not encoun-
tered in the North Viking Graben due to the
interpreted stratigraphical break or condensing,
with these taxa first appearing in the Tarbert
Formation. The co-occurrences of Durotrigia
daveyi and Nannoceratopsis dictyambonis, also
within the Lebberston Member (Butler,
personal observation), suggests a Laeviuscula
ammonite zone age for this unit (Penn et al.
1980). These latter two taxa are not encountered
in the Brent Province or Mid-Norway.

The top of superabundant Classopollis spp. is
identified in the uppermost part of the
Gristhorpe Member and possibly represents the
end of an arid climatic phase during the later
part of the early Bajocian. High abundances of
this xerophytic pollen genus are also encoun-
tered throughout the Aalenian Ness Formation
with the true elimination event not identified
due to the interpreted truncation at the
Ness/Tarbert formational boundary. High
numbers of Classopollis spp. are generally
absent from the Tarbert Formation except in
UK Block 211/23 and 211/18 wells where poten-
tially older Tarbert Formation is present (Butler,
personal observation).

The Scarborough Formation comprises
mudstones, sandstones and silicious carbonates
deposited in a progressively deepening environ-
ment (Gowland & Riding 1991) and was
sampled at Hundale Point to the south of
Cloughton Wyke. The distribution of Phallocysta
thomasii has been carefully documented in the
Hundale Point section. Its stratigraphical first
and last occurrences have been identified in the
middle parts of the Humphriesianum ammonite
zone dated Hundale Sandstone and Ravenscar
Shale members, respectively, with maximum
numbers noted within the upper part of the
Spindle Thorn Limestone Member (Fig. 5). This
is considered significant for the calibration of
similar distributions of Phallocysta thomasii
within the ‘upper’ Garn and Melke Formations
of the Norwegian Sea and in the Tarbert and
Heather formations of the North Viking Graben,
the implication being that these formations are,
in part, Humphriesianum ammonite zone and
therefore ‘latest’ early Bajocian in age.

The inception of Dissiliodinium cf. willei has
been noted from the uppermost Scarborough
Formation, Spindle Thorn Limestone Member,
with maximum numbers identified in the
Bogmire Gill Member at Hundale Point. This
form morphographically resembles Dissilio-
dinium willei sensu stricto, differing in possess-
ing smaller, isolated but hyaline grana, and is
perhaps the immediate precursor to Dissilio-
dinium willei. Although the Bogmire Gill
Member has been dated in the literature as
Humphriesianum ammonite zone by inference
(Parsons 1977; Gowland & Riding 1991),
marker ammonites are absent. The overall
dinoflagellate cyst assemblage is more consist-
ent with the ‘earliest’ late Bajocian Subfurcatum
ammonite zone as described by Feist-Burkhardt
& Wille (1992) from Germany (as the Niortense
ammonite zone). The absence of Dissiliodinium
willei sensu stricto from the Hundale Point
section is probably due to truncation at the top
of the Scarborough Formation with the late
Bajocian Garantiana and Parkinsoni zones
being absent. The acme of Dissiliodinium willei
sensu stricto is encountered in Heather and
coeval Tarbert formation assemblages in the
North Viking Graben, and the Melke Formation
in Mid-Norway (Fig. 6). The event is calibrated
to the boreal Pompeckji Zone from ammonite-
dated core (Regnouf de Vains 1980). This zone
is considered to be equivalent to the Parkinsoni
and Garantiana ammonite zones in the UK
(Callomon 1993).

A stratigraphical break is tentatively identi-
fied at the Scarborough Formation, Bogmire
Gill Member/Scalby Formation, Moor Grit
Member boundary (Leeder & Nami 1979;
Riding & Wright 1989) although biostrati-
graphical control within the Moor Grit Member
is lacking. The overlying Long Nab Member
yields a similar palynomorph assemblage to the
Pentland Group, ‘lower’ Bryne Formation in
the Central Graben which is interpreted as
Bathonian in age due to the presence of such
miospore taxa as Verrureticulisporis giganteus,
Couperisporites jurassicus and Quadraeculina
anellaeformis (Butler, personal observation.).
The formation is considered age equivalent to
the Bathonian Heather and Melke formations
of the northern North Sea and Mid-Norway,
respectively (post-Dissiliodinium willei acme
and pre-Chytroeisphaeridia hyalina acme).

Conclusions

The correlation of palynoevents identified in the
Ravenscar Group with coeval sediments in the
North Viking Graben and Mid-Norway is
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summarized in Figure 6 and contrasts markedly
with those previously published (e.g. Graue et
al. 1987; Mitchener et al. 1992; Whitaker et al.
1992; Helland-Hansen et al. 1992; Husmo et al.

2002). The shelfal marine Dogger Formation is
of ‘earliest’ Aalenian age and correlative with
uppermost Dunlin Group, Drake Formation
and Båt Group, Ror Formation. The Aalenian
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Saltwick Formation (non-marine/brackish
coastal plain/deltaic sediments) and Eller Beck
Formation (marine incursion) correlate with the
Brent Group, Broom–Rannoch–Etive–Ness and
the Fangst Group, Ile–Not–‘lower’ Garn genetic
packages. The variably non-marine to shelfal
sediments of the Cloughton Formation are
either unrepresented or condensed in the Brent
Province and Mid-Norway due to a regional
unconformity, which truncates early Bajocian
sediments. The Scarborough Formation is a
retrogradational package, which was deposited
in a shelfal environment and is of ‘latest’ early
to ‘earliest’ late Bajocian age. This formation is
correlative with the older part of the
Tarbert–Heather and the ‘upper’ Garn–Melke
genetic packages.

Our thanks are due to the directors of Norsk Hydro
a.s. and Robertson Research International Ltd for the
use of their technical facilities and permission to
publish this paper. We are particularly grateful to 
J. P. G. Fenton for critically reading the manuscript.

Appendix: list of palynomorph taxa

Dinoflagellate cysts
Chytroeisphaeridia hyalina (Raynaud 1978)

Lentin & Williams 1981
Comparodinium spp. Morbey 1975
Dissiliodinium lichenoides Feist-Burkhardt &

Monteil 2001
Dissiliodinium psilatum Prauss 1989
Dissiliodinium willei Bailey & Partington 1991
Durotrigia daveyii Bailey 1986
Durotrigia filapicata (Gocht 1970) Riding &

Bailey 1991
Luehndea spinosa Morgenroth 1970
Mancodinium semitabulatum Morgenroth 1970
Maturodinium inornatum Morgenroth 1970
Mendicodinium morgenrothii Butler 1995
Moesiodinium raileanui Antonesçu 1974
Nannoceratopsis dictyambonis Riding 1984
Nannoceratopsis gracilis Alberti 1961
Nannoceratopsis senex Van Helden 1977
Nannoceratopsis triceras Drugg 1978
Ovalicysta hiata Bjaerke 1980
Parvocysta nasuta Bjaerke 1980
Phallocysta elongata (Beju 1971) Riding 1994
Phallocysta eumekes Dörhöfer & Davies 1980
Phallocysta thomasii Smelror 1991
Scriniocassis weberi Gocht 1964
Sentusidinium granulatum (Courtinat &

Gaillard, 1980) Brenner 1988
Susadinium faustum (Bjaerke 1980) Lentin &

Williams, 1985
Susadinium scrofoides Dorhofer & Davies, 1980
Valvaeodinium spp. Morgenroth 1970

Spores
Couperisporites jurassicus Pocock 1970
Verrureticulisporis giganteus Danzé-Corsin &

Laveine 1963

Pollen
Classopollis spp. Pflug 1953 
Quadraeculina anellaeformis Maljavkina 1949
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