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SUMMARY

The initial section of the well is a poorly fossiliferous (due to the use of
a diamond bit or turbo-drill) indeterminate section presumably of
Cretaceous age.

The use of a normal bit resulted in dateable Lower Cretaceous
microfaunas indicating that early Albian - Aptian to Barremian -
Hauterivian sediments occur,

The Cretaceous - Jurassic contact is marked by a stratigraphic hiatus.

The Upper Jurassic appears to be relatively complete varying from
the Middle Volgian (unit o) to early Oxfordian (unit r).

A feature of particular note in this well is the development of sands in
the base of the Oxfordian (unit q) and in the early Oxfordian (unit r) and
? Callovian (unit ?sl). Sand development is particularly strong from
the top of the middle Callovian - late Bathonian (units s2 - t1) interval

“and persists until the base of the ?Bathonian - ? Bajocian.

A large part of the sand appears to have been deposited under shallow

-inner shelf or marginal marine conditions. This marine influence is

more marked in the interval above 3636m.

Below 3636m marine influences were less pronounced and only a
questionable Bathonian - Bajocian age is possible for the lower
part of the sand body.

The well terminated in waxy shales and sands of possible Lower
Jurassic age.

A further stratigraphic hiatus separates the Middle Jurassic from the
? Lower Jurassic.
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INTR ODUCTION

This report summarises the results of the micropalaeontological,
palynological and stratigraphical analyses which have been carried out on
material received from the interval 3300m - 3735m from the Statoil 15/9-1
Norwegian North Sea Well under Project No. TIA/778/1240.

Under this project a total of 145 ditch cuttings and 6 core samples was
analysed utilising standard micropalaeontological techniques. In addition 39

ditch cuttings and 14 core samples covering the interval 3301m - 3735m were
treated palynologically.

The data available from a previous study carried out on core samples
only from this well (Robertson Research International Limited, Memorandum
No. 2158) have been incorporated in this report.

A summary of the determinations obtained by these analyses has
already been communicated by telex and forms the framework of factual
information on which this report is based., A summary of the sequence
penetrated in this well can be seen in Table 1.

\

The Jurassic biostratigraphic units used in this report are those proposed
in our study - "The Jurassic of Northwest Europe: Offshore Project'". Their
stratigraphical significance is summarised in Appendix I. In addition the
dinocyst zones of the Norian - Barremian can be seen in Appendix II.

The prepared samples and recorded information are now filed and
curated in the confidential records section of these laboratories,

We wish to acknowledge the continued co-operation and assistance
received from the various members of Statoil with whom we have been
associated during the course of this work.

The personnel involved in this work were:-

John Church: Well Co-ordinator and Micropalaeontology.
Chris Denison: Palynology.

Cyril Haskins: Ostracodes.

John Underwood: Lithologies.
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' SUCCESSION

System/Subsystem l ‘ Stage Interval

l Indeterminate - 3300m -~ 3322m

l ( early Albian - Aptian | 3325m = 3340m

l | Lower Cretaceous E Barremian 3343m - 3358m
2 Barremian - Hauterivian 3361m - 3370m

" | UNCONFORMITY

l ‘ (  middle - early Volgian 3373m - 3418m
( (unit o)

l 2 early Volgian - late 3421m ~ 3454m
( Kimmeridgian (units o-pl)

I » Upper Jurassic E early Kimmeridgian - late 3457m - 3463m

' ( Oxfordian (unit p2)

l , ﬁ middle Oxfordian (unit q) 3466m - 3520m
E early Oxfordian (unit r) " 3521m

l (  ?Callovian (unit ?sl) 3523.Tm -~ 3528.95m

I | 2 middle Callovian - late  3531m - 3537m

Middle Jurassic ( Bathonian (units s2-t1)

l E - ?Bathonian (unit ?t2) 3540m -~ ?3648m
2 ? Bathonian ~ ? Bajocian ?3651m - 3726m

l UNCONFORMITY

l ? Lower Jurassic - 3729m - 3735m

This breakdown is based on ditch cuttings and core samples only.
' Electric logs were not made available.
]
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INDETERMINATE

INTERVAL 3300m - 3322m; INDETERMINATE

No age determination is possible on this interval because, due to the
use of a diamond bit or turbo-drill, no significant microfossils or 11thotypes
have been recorded.

LITHOLOGY

Light grey, argillaceous limestone or c‘alcareous shale is thought to
be the in situ lithology. In addition traces of white chalk and, at 3307m,
possible traces of pink chalk are recorded.

MICROPALAEONTOLOGY

The samples from this interval proved to be either devoid of any
microfauna or only contained rare long-ranging forms, This is presumably
the result of the use of a diamond bit or a turbo-drill. No age determination
is possible on this meagre assemblage.

PALYNOLOGY

Palynomorphs are rare: no age-diagnostic taxa were recovered.

ENVIRONMENT

A general shelf environment is suggested for this interval on the
slender palaeontological evidence available,

: ] — ROBERT:ON



CRETACEOQUS

INTERVAL 3325m - 3340m; LOWER CRETACEOUS, EARLY ALBIAN ~ APTIAN

4This interval has been assigned an early Albian - Aptian age due to the
appearance of a characteristic agglutinating foraminiferal assemblage.

LITHOLOGY
There is an influx of red shale at 3325m in association with medium

dark grey shales, Traces of olive-grey shale and light grey limestones also
occur whilst at 3337m there is a further appearance of red shales.

MICROPALAEONTOLOGY

The upper limit of this interval has been placed on the occurrence of a
red-stained Glomospira gordialis. This is followed at 3328m by an
impoverished microfauna also consisting of red-stained species. A 3337m
the numbers of specimens recovered increase although the assemblage still
remains impoverished.

The occurrence, as a prominent species, of Glomospira gordialis,
together with Recurvoides sp. and ?''Lingulogavelinella" gyroidinaeformis
indicate: that these sediments are of early Albian - Aptian age.

PALYNOLOGY

Although a sample at 3337m yielded a moderate palynoflora, there is
considerable evidence of caving, Those forms considered to be in situ
indicate only a general Lower Cretaceous age.

- ENVIRONMENT

The occurrence of microfaunas dominated by agglutinating foraminifera
suggests that deposition took place in a shallow inner shelf environment.

l—_————— n_mrson
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INTERVAL 3343m - 3358m; LOWER CRETACEOUS, BARREMIAN

The age and upper limit of this interval are based on the appearance of
Hedbergella infracretacea,

LITHOLOGY

Red shale is common at the top of this interval. Dark grey shales
subsequently appear at 3346m where they are associated with traces of light
green, waxy shales and light grey, argillaceous limestones, Hard,
crystalline, yellowish grey limestone and pyrite are present at and below
3352m. Red-stained limestone occurs at 3358m.

MICROPALAEONTOLOGY

A distinct microfaunal change is apparent at 3343m with an influx of
planktonic foraminifera. The presence of Hedbergella infracretacea in this
assemblage indicates that the Barremian has been penetrated.

The microfaunas are generally sparse and below 3343m the planktonic
element decreases.,

PALYNOLOGY

A sample at 3349m yielded a very sparse flora of no age-diagnostic
value.

ENVIRONMENT

The association of a strong agglutinating element with significant
numbers of planktonic foraminifera suggests that sedimentation took place
in an inner to outer shelf environment with strong open marine influence..

INTERVAL 3361m - 3370m; LOWER CRETACEOUS, BARREMIAN - HAUTERIVIAN

v The upper limit of this interval is based on a distinct microfaunal
change at 3361°'.

RESEARCH
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The age of these sediments is indicated by:-

-  the appearance of abundant Uvigerinammina moesiana associated
with common polymorphinids, Marssonella spp. and Aulotortus
(Spirillina) neocomiana which indicate a Barremian or older
Lower Cretaceous age.

LITHOLOGY

White and pink, chalky Hmestone, fissile, dark grey shale and
accessory pyrite are considered to be the in situ lithologies in this interval,

MICROPALAEONTOLOGY

A distinct microfaunal break is apparent at 3361m with an influx of

~ Uvigerinammina moesiana. This is followed at 3364m by an improved _
microfauna, the appearance of ostracodes and the incoming of Marssonella cf.
trochus, M. hauteriviana and common polymorphinids. This assemblage is
typical of those recovered from the basal part of many Lower Cretaceous
sections from the North Sea area. The age is difficult to define but the
microfauna is no younger than the Barremian and is generally considered to
be of Barremian to Hauterivian age,although it could extend into older Lower

Cretaceous sediments. The occurrence of Aulotortus (Spirillina) neocomiana
at 3376m supports this determination. '

" PALYNOLOGY

A rich and diverse palynomorph assemblage, dominated by dinocysts,
was recovered at 336lm. Pseudoceratium pelliferum, which is relatively
common, indicates a Barremian or older age, and Necrobroomea longicornuta
suggests an age no older than Hauterivian. The presence of Dingodinium cf.
cerviculum and large gonyaulacean cysts referred to Gonyaulacysta aff,
"neocomica", also suggest a pre-Barremian, possibly Hauterivian age.
However, a specimen of Endoscrinium pharo, a species which does not range
younger than Valanginian, is present,

Asthis is the first richly palyniferous Lower Cretaceous sample
encountered in this well, it is probable that the effect of caving will be limited
and that the assemblage is effectively in situ. It would appear, therefore,

 that the isolated specimen of E, pharo is reworked and in situ forms are of

-7-
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Hauterivian age. The absence of other pre-Hauterivian forms either at this
horizon or as cavings suggests that Valanginian and Ryazanian deposits are
missing, rather than a condensed sequence being present.

ENVIRONMENT

The occurrence of moderate microfaunas, dominated by agglutinating
foraminifera with significant numbers of calcareous benthonic forms and
ostracodes, indicates that deposition took place in an inner shelf environment,

The rich and diverse dinocyst assemblage also suggests an inner shelf
environment, but the miospore assemblage,. which contains common bisaccate
pollen grains suggests some terrestrial influences.

RESEARCH
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VI

JURASSIC

INTERVAL 3373m - 3418m; UPPER JURASSIC, MIDDLE - EARLY VOLGIAN (unit o)

The upper limit of this interval is indicated by: -

- the appearance of dark grey-black shale typical of the
- Upper Jurassic.

The age of these sediments is based on:

-  the appearance of Glossodinium dimorphum and Dichadogonyaulax
pannea at 3379m.

LITHOLOGY

Dark grey, black and olive-grey shales and common carbonaceous
fragments occur in this interval. In addition scattered medium-grained,
white sand is recorded at 3403m - 3406m, and traces of pyrite at 3412m.

MICR OPALAE ONTOLOGY

No in situ foraminifera have been recovered from this interval. Bone
fragments occur commonly from 3376m and provide some support for an Upper
Jurassic age whilst at 3406m Rhaxella perforata appears and occurs in
abundance from 3412m. The incoming of this sponge spicule again provides some
support for an Upper Jurassic age because it normally occurs in abundance in
early Kimmeridgian - Oxfordian sediments,although it does range into the
Volgian and Lower Cretaceous.

PALYNOLOGY

The upper limit of this interval is marked by the appearance of
amorphous sapropel kerogen, wlich is diluted by caved humic kerogen at
3373m, but below becomes the dominant kerogen component.

The palynomorph assemblage at 3373m is rich in leiospheres and

-0 -

"——____ ROBERTSON

RESEARCH



Pterosperfnops is spp., which are typical of middle and late Volgian assemblages,
but forms restricted to the late Volgian are absent, indicating that the youngest
Jurassic deposits are of middle Volgian age. An age no older than middle
Volgian at 3373m is indicated by the presence of Muderongia simplex,although
this specimen may be caved from the overlying Barremian - Hauterivian
interval,

Evidence of a middle Volgian age is present at 3379m, with the first
appearance of Glossodinium dimorphum and Dichadogonyaulax pannea, both of
which indicate an age no younger than the Dichadogonyaulax pannea Subzone (VIIA)
but both forms range into the early Volgian.

Evidence below this depth is poorer, .but the overall decrease in
leiosphere and Pterospermopsis spp. abundances suggest the penetration of
early middle Volgian to early Volgian deposits. A form referred to ? Pareodinia
mautabilis at 3409m may indicate an age no younger than the lower part of the
MOnyaulax culmula Subzone (VIIB). '

Miospore assemblages are generally rather sparse, although at 3397m
bisaccates become common and; toa lesser extent,Cerebropollenites
mesozoicus.

Amorphous sapropel continues to be the dominant kerogen component
throughout this interval. '

ENVIRONMENT

The association of carbonaceous shales and sponge spicules suggests that
deposition took place in a shallow water inner shelf environment, Terrestrial
influences are poor, as miospores are generally sparse, although at 3397m
there was an isolated influx of material of terrestrial origin.

INTERVAL 3421m - 3454m; UPPER JURASSIC, EARLY VOLGIAN - LATE

KIMMERIDIGIAN (units o-pl)

The age and upper limit of this interval are based on:

- the appearance of Gonyaulacysta jurassica.

-10 -
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LITHOLOGY

Dark grey, black and olive-grey shales persist into this interval,
although the shales have become waxy at 3427m and slightly micaceous at
3442m. Yellowish brown crystalline limestone forms a distinct bed at 3436m.

MICROPALAE ONTOLOGY

This interval contains rare specimens of agglutinating foraminifera and
common to abundant Rhaxella perforata. No specific age determination is
possible on this assemblage,although the abundance of pyritised Rhaxella

perforata is more usually encountered in sediments of early Kimmeridgian -
Oxfordian age.

PALYNOLOGY

The appearance of a specimen of Gonyaulacysta jurassica at 3421m, in an
otherwise sparse assemblage, indicates an age no younger than the Gonyaulacysta
jurassica Subzone (VIIB).

An assemblage at 3433m is again sparse, and contains a non-age diagnostic
microflora, but at 3445m there is an increase in the abundance and diversity of
microplankton and miospores. The concurrence in this deeper sample of a
fragmentary specimen of ?G. jurassica and Leptodinium egemenii indicates an
age no younger than the G. jurassica Subzone (VIIIB), but a fragment attributed
to ?Scriniodinium luridum may indicate an age no younger than the Gonyaulacysta

cladophora Zone (X).

Miospores assemblages are rich and reasonably diverse, particularly in
the lJower part of the interval, where bisaccates, Perinopollenites elatoides
and Cerebropollenites mesozoicus are common.

Amorphous sapropel is again the dominant kerogen component.

ENVIRONMENT

A shallow water inner shelf environment is indicated for these deposits
by the presence of abundant sponge spicules. The dominance of amorphous
sapropelic kerogen indicates anaerobic bottom conditions. Abundant miospores,

which form the dominant element of the palynofloras, suggest proximity to a
source of terrestrial debris.,

-11 -
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INTERVAL 3457m - 3463m; UPPER JURASSIC, EARLY KIMMERIDGIAN -

LATE OXFORDIAN (unit p2)

The age and upper limit of this interval are based on:

-  a distinct microfaunal break with the consistent appearance of
agglutinating foraminifera including Haplophragmoides cf. canui.

-  the appearance of Scriniodinium crystallinum at 3457m.

LITHOLOGY

Slightly micaceous dark grey shale persists in this interval,

MICROPALAE ONTOLOGY

A distinct microfaunal change in the agsemblage is apparent at 3457m
with the appearance and subsequently consistent occurrence of agglutinating
foraminifera. The numbers of foraminifera recovered from the three samples
of this section are very low and consist entirely of agglutinating forms. This
association, which includes Haplophragmoides cf. canui,suggests a unit p2
(early Kimmeridgian - late Oxfordian) equivalence,although it couId possibly
‘extend into unit q sediments of Oxfordian age.

Rhaxella perforata persists as an abundant form in this interval.

PALYNOLOGY

The first downhole appearance, in an otherwise sparse assemblage, of the
dinocyst Scriniodinium crystallinum at 3457m indicates an age no younger than
the Leptodinium egemenii Subzone (XIA) of the early Kimmeridgian to late
Oxfordian Scriniodinium crystallinum Zone (XI).

Miospores are the dominant element of the assemblage recovered, the
forms Perinopollenites elatoides, Cerebropollemtes mesozoicus and bisaccates
being common,

Amorphous sapropel is the dominant _kerogen component.

-12 -
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ENVIRONMENT

A shallow water inner shelf environment is suggested for these sediments
by the sparse microfaunas, The consistent occurrence of foraminifera suggests
that the conditions were not as restricted as in the overlying sediments,although
amorphous sapropel continues to be common. .Abundant miospores suggest a
nearby source of terrestrial material.

INTERVAL 3466m - 3520m; UPPER JURASSIC, MIDDLE OXFORDIAN (unit g)

The age and upper limit of this interval are based on:

-  the appearance of calcareous benthonic foraminifera which
include Lenticulina cf, ectypa.

LITHOLOGY

Dark grey, slightly micaceous shales persist into this interval with the
addition of small amounts of fine-grained sand; there is an increase in sand
in the sample at 3517m. Limestone or siderite forms a thin bed at 3478m
and yellowish grey crystalline siderite is present at 3502m.

MICROPALAEONTOLOGY

This interval is again characterised by agglutinating foraminifera but
with the addition of calcareous benthonic foraminifera. Although agglutinating
foraminifera predominate calcareous forms comprise a significant element of
the assemblages and become particularly prominent from 3472m. The
presence of species of Lenticulina, which include Lenticulina cf. ectypa,
suggests a unit g~s1 (middle Oxfordian - late Callovian) connotation which in
view of the subsequent palynological information can be restricted to unit q
(middle Oxfordian),

The microfaunas recovered from this interval are initially low in
numbers. From 3475m there is a gradual reduction in numbers and below
3508m the assemblages are very sparse.

-13 -
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PALYNOLOGY

There is no palynological evidence to distinguish the fop of this
interval, and the dinocyst species which first appear towards the top
e.g. ?Scriniodinium galeritum and Stephanelytron redcliffense range into
basal Kimmeridgian deposits. It does, however, coincide with a marked
change of palynofacies. The kerogen content is characterised by a high
proportion of inertinite, This forms a marked contrast to the overlying
Jurassic, which is rich in amorphous sapropel: some sapropel is present
at 3469m as cavings.

At 3504m a form referred to Acanthaulax ?spinosissima suggests a
mid-Oxfordian age (Acanthaulax spinosissima Zone (XIII) or older) an age
also suggested by Acanthaulax sp.1 JOHNSON and HILLS at 3519m.
Microplankton abundances and diversity are similar to those in the overlying
interval, but there is an increase in the abundance of microforaminiferal
linings, which are relatively common, except at 3519m.

Miospores are again the dominant element of the assemblages,
although there is some decrease in abundance and diversity at 3504m and
3519m. Bisaccates are the dominant forms, with Cerebropollenites
mesozoicus relatively common, Perinopollenites elatoides is relatively
common at 3481m and 3495m.

ENVIRONMENT

A shallow water inner shelf environment is again indicated by the
microfauna. The occurrence of calcareous benthonic species suggests
that the seas were more oxygenated than those of the overlying sections.

INTERVAL 3521m; UPPER JURASSIC, EARLY OXFORDIAN (unit r)

The age of this sample is based on:

- the presence of the diagnostic dinocysts Wanaea fimbriata, and

W, digitata,

-14 -
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LITHOLOGY

This sample consists of silty, sandy, micaceous, slightly carbonaceous
dark grey shale with fine~grained, angular, brownish sand.

MICROPALAEONTOLOGY

This sample proved to be devoid of any microfauna.

PALYNOLOGY

Dinocysts from the core sample at 3521m form an assemblage which
is diagnostic of the Wanaea fimbriata Subzone (XIVB).of the Wanaea digitata
Zone (XIV). W, fimbriata and W, digitata are present and Adnatosphaeridium
aemulum is common, ?Wanaea fimbriata does not occur until 3540m in
ditch cuttings, where it has presumably caved. Miospores form a varied
assemblage and are much more common than dinocysts.

Kerogen is dominantly humic, but there is a minor amorphous sapropel
content,

ENVIRONMENT

Both the kerogen and the predominance of miospores suggest that
deposition occurred in a nearshore environment, with some material being
derived from a terrestrial source.

INTERVAL 3523, Tm - 3528, 95m; MIDDLE JURASSIC, ? CALLOVIAN (unit ?sl)

This interval has been separated essentially as sediments occurring
between the disappearance of diagnostic early Oxfordian species and the
appearance of Callovian (unit s2-t1) microfaunas.

LITHOLOGY

Dark grey micaceous slightly sandy and carbonaceous shales are seen
in the core pieces at 3523, Tm and 3525, 5m. Fine-grained, light yellowish
grey and micaceous sandstone occurs in the sample at 3528.95m. The ditch

- 15 -
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cuttings samples contain abundant shale but are not considered to be
necessarily representative over the cored interval,

- MICROPALAEONTOLOGY

The poor agglutinating foraminiferal assemblages recovered from
this interval (3523. Tm and 3528, 95m) were originally considered to be of
Callovian to Bathonian age (units s2-t2). However, now that we have been
able to analyse the entire Jurassic interval it is considered that these
sediments lie above the incoming of unit s2-t2 assemblages. No firm
conclusion is possible on these microfaunas except to suggest an early
Kimmeridgian - Bathonian (units p2-t2) age.’

PALYNOLOGY

Miospores dominate the palynomorph assemblages as 3523. Tm and
35625, 5m and are the only elements recovered at 3528, 95m.

The poor palynomorph assemblages recovered at 3523, 7m and 3525. 5m
suggest only a general mid Callovian - Bathonian age, although the presence
of several specimens of the genus Meiourogonyaulax at 3525, 5m tends to
suggest a Callovian age.

. N TN BN BN By ) m am

ENVIRONMENT

The continued presence of humic IZ:erogen and the dominance of
miospores suggest. that deposition occurred in a paralic to marginal marine
environment, The sparse microfauna suggests nearshore, inner shelf
conditions., -

INTERVAL 3531m - 3537m; MIDDLE JURASSIC, MIDDLE CALLOVIAN ~ LATE

BATHONIAN (units s2-t1)

The age and upper limit of these sediments are based on:

-  a distinct microfaunal change with the reappearance of common
Haplophragmoides canui, '

-16 -

l———————mm

RESEARCH



. . R

—— ROBERTSON

LITHOLOGY

Fine to medium-grained, angular, fairly uniform light brown-stained
sand is present at 3531m, and becomes slightly coarser at 3534m. Light
yellowish brown and yellowish grey siderite occurs at 3537m.

MICROPALAEONTOLOGY

A distinct microfaunal change occurs at 3531m with a minor influx of
agglutinating foraminifera. The assemblages from this interval consist
entirely of agglutinating foraminifera, and include common Haplophragmoides

canui, :

This resurgence of agglutinating microfaunas usually characterises
units s2-t2 (Calloviah ~ Bathonian) sediments,but on the evidence from the
underlying section this can tentatively be restricted to units s2-t1, By
comparison to other areas of the North Sea, however, the s2-tl interval is
unusually thin when compared to the thick t2 section.

PALYNOLOGY

A core sample at 3531, 55m yielded an assemblage rich in miospores
and with only rare dinocysts. The miospore assemblage suggests only a
general Middle Jurassic age. :

Kerogen in this sample is dominated by humic material.

ENVIRONMENT

Nearshore inner shelf conditions are suggested for these deposits by
the agglutinating foraminiferal assemblages.

INTERVAL 3540m - ?3648m; MIDDLE JURASSIC, ? BATHONIAN (unit ?£2)

The age and upper limit of this interval are tentatively based on:

~ . the appearance of coarse~-grained agglutinating foraminigera,

-17 -
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LITHOLOGY

Fine grained, white sand is the dominant lithology between 3540m -
3564m. There is a large influx of dark grey to black shale at 3567m and
this persists in the ditch cuttings samples to 3582m. Coarse, angular to
well rounded sand persists through 3526m -~ 3582m ,although the two core
samples from this interval, at 3612, 75m and 3620, 6m, consist of fine-grained,
angular sandstone,

Fine-grained, angular sand persists in the ditch cuttings down to 3618m.
The two core pieces at 3571, 85m and 3626, 65m consist of light yellowish grey
slightly carbonaceous shale and dark grey sandy shale respectively.

There is an increase in the amount of shale in the samples between
362Tm - 3648m and coal fragments occur at 3627m,

Light yellowish brown sphaerosiderite occurs at 3540m.

MICROPALAEONTOLOGY

The microfaunas recovered from this section are essentially highly
impoverished. However, at 3540m and from 3573m to 3582m and 3627m -
3636m slightly less impoverished assemblages have been recovered from the
ditch cuttings samples, The appearance of foraminifera with slightly coarser
grained tests at 3540m suggests the possibility that from this point the
sediments are of unit t2 connotation, Bathonian age. This is supported to a
certain extent by the occurrence of ? Verneuilinoides sp. 1. The microfauna
from 3573m - 3582m is of a general Callovian - Bathonian aspect (units s2~t1)
whilst the appearance of Ammobaculites coprolithiformis and coarse grained
agglutinating forms at 3627m -~ 3636m provides added support for a unit t2
determination, We have therefore assigned a tentative unit t2 (Bathonian)
determination to the entire interval although it is unusually thick and the basal
part,3639m - 3648m, contains:: no in situ microfauna,

PALYNOLOGY

With the exception of 3556, 55m the core samples from the interval
contain rich palynomorph assemblages, dominated by miospores, but also
with varied and locally common dinocysts, indicating persistent marine
influences through this section. Sample 3556, 55m is relatively impoverished
in both miospores and dinocysts, and is enriched in inertinite compared with
the other samples which are vitrinite dominated.
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Evidence from the dinocyst content suggests that this interval may be
no older than middle Bathonian, as the forms Adnatosphaeridium aemulum.,

Leptodinium aff, regale, Dichadogonyaulax stauromatos and the D, gochtii/
sellwoodi/kettonensis plexus have not yet been recorded from North Sea early
Bathonian deposits, although the last two forms have been recorded from

the late Bajocian in the Southern North Sea. The absence of Nannoceratopsis
gracilis suggests that the Bajocian has not been penetrated.

ENVIRONMENT

The dominance of miospores and large quantities of vitrinitic material
indicate proximity to a substantial source of terrestrial debris, such as that
encountered in a deltaic situation. However, the marine influences as
demonstrated by the presence of microplankton suggest a distal location,

At 3356, 55m some winnowing is suggested, selectively removing the
lighter elements and enriching the denser inertinitic fraction,

INTERVAL ?3651m - 3726m; MIDDLE JURASSIC, ? BATHONIAN ~ ? BAJOCIAN

The age and upper limit are based purely on the lithology.

LITHOLOGY -

Much cleaner mainly medium-grained sand, which also contains coarse,
angular and fine grains appears at 3651m. This persists to 3666m,
below which black brittle coal is seen and shale occurs. Coal persists with
variable amounts of dark grey and yellowish brown waxy shale and dark brown
siderite occurs at 3681m ~ 3693m. Amounts of sand in the samples between
3678m - 3711m are variable, but below 3705m sand increases; traces of
coarse sand are present at 3720m.

MICROPALAEONTOLOGY

No in situ microfauna has been recovered from these sediments.

- 19 -

I ;RESEARCH



. p p

PALYNOLOGY

A core sample at 3671, 85m contains an extremely sparse miospore
assemblage of no age diagnostic value, Ditch cuttings samples are rich in
miospores, but also contain dinocysts which are obviously caved, thus

suggesting that most of the flora has caved from the richly palyniferous
overlying deposits.

ENVIRONMENT

A marginal marine or fluviatile/deltaic environment is suggested for
these sediments on the basis of the lithology,

INTERVAL 3729m - 3735m; ?LOWER JURASSIC

The presence of very light grey shale with isolated sand grains and

waxy light grey slightly sandy shale suggests that Lower Jurassic sediments
have been penetrated,

No palynological or microfaunal evidence was found.

LITHOLOGY

Very light grey to slightly buff waxy shale containing scattered angular
medium or fine sand grains occurs in the samples from this interval in
association with fine and medium-grained, angular white sand.

MICROPALAEONTOLOGY

No in situ microfauna has been recorded in this section,

PALYNOLOGY

A ditch cuttings sample from 3735m containg . a miospore and dinocyst
assemblage composed of elements originating from Upper and Middle Jurassic
sources. There are no forms present which can be regarded as in situ.

-20 -
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ENVIRONMENT

A similar environment to that of the preceding interval is tentatively
suggested for this section on the basis of the lithology.

-921 -
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PALAEOENVIRONMENTAL SUMMARY

The oldest sediments examined in this well consist of light grey shales
and white sand of questionable Lower Jurassic age which were probably laid down
in a marginal marine or fluviatile/deltaic environment.

After a period of non-deposition or deposition with subsequent
erosion,sands with minor shales of ?Bajocian - ? Bathonian age accumulated
under marginal marine or fluviatile/deltaic conditions. Similar lithotypes and
conditions persisted into the questionable Bathonian although slightly stronger
marine influence is apparent at the end of this period. Towards the end
of the Middle Jurassic, in the late Bathonian - middle Callovian, an inner shelf

. environment was established which continued throughout the remainder of the
Middle into the Upper Jurassic. Deposition of sands with minor shales persisted
to the end of the Middle Jurassic and into the Upper Jurassic, extending until the
base of the middle Oxfordian interval,

In the middle Oxfordian a lower energy environment became established
resulting in the deposition of grey shales. The addition of calcareous benthonic
foraminifera to the microfaunas suggests that conditions were more fully marine,
Similar conditions and sediments occurred in the succeeding late Oxfordian -
early Kimmeridgian interval. An inner shelf regime, with the deposition of
dark grey - black shales persisted throughout the late Kimmeridgian - middle
Volgian,although the palaeontological evidence suggests that conditions were
restricted.

After a period of non-deposition,or deposition with subsequent erosion,
ranging from the late Volgian - Valanginian, sedimentation recommenced in an
inner shelf environment of Hauterivian - Barremian age, Slightly greater water
depths prevailed in the Barremian with the establishment of an inner to outer
shelf environment which had strong open marine connections whilst more
restricted and shallower inner shelf conditions returned in the Aptian - early
Albian, Shales with limestones were deposited throughout the Lower Cretaceous
interval and into the Indeterminate section, for which a general shelf
environment is postulated, -
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; . {In part from Riley, 1977)
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l LEGEND FOR STRATIGRAPHIC CHARTS
LITHOLOGY COLUMNS
l ek ' T
Clay .o e Calcareous sediments ....................ccooee.... L
' z
I Shale/claystone/mudstone ................... Dolomitic sediments...................c..c....... _il
NSEp—— -_— —
Silty/sandy clay.................................. BE==e=es Carbonaceous sediments....................... -
== A
l Silty/sandy shale/claystone/mudstone... i ANy drite ... é:/u\u/\/\z‘
Silt/siltstone ............................................... :. i ': Salt ............................................................... E:::::::::::::
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EPEIEN VYRR
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. bo Oo 0 ol + +
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- ————
Ty Yays]
Silty/sandy limestone ................................ ! = =L CoNCretions ........c.cc.coooovivieee e QO
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LITHOLOGICAL AND DRILLING ABBREVIATIONS PALAEONTOLOGICAL SYMBOLS
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PYFIe oo P Diagnostic forms .........ccccevirmenvcncnnnecncniinnns *
l lronstone........... et et e e st Fe Caved fOrms ...t e c
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. (Samples unsuitable for good stratigraphic analysis)
I ENCLOSURE 1

(for further abbreviations see Enclosure 2)
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SUMMARY LOG I5/9-1
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