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INTRODUCTION

This report summarises the results of micropalaeontological,
palynological and stratigraphical anaiyses which have been completed
on material covering “the interval from 1500° to 14100' in the

Ph1111ps (Norway) 17/12 1X No;th Sea Well under Project Nu. RRI/IIA/

-

723/3' (RRL/1IA/242).
Under this project a to;al of 888 ditch cuttings samples were
ana!jSed using standard micropalaeontological techniéues. Additionally,

© 105 individual or composite,éamﬁles from the Jurassic, Triessic and

: Permian sections of’thé well, were treated paiynologically. The metliods
‘used in treating the samples and of assessing agés are similar to thusse
deéciibed>in e;rlier Oilfields Reporté; | |

This well represents the first exploration hole to be drilled in
- Bléck 17/12 in fhe Norwegian concession area of the North Sea. It lies’
épproximately’175 km due west of tﬁe;southernmost tip of Norway and ish
»situéted close to the edge of the continental shelf on the western side
- of the Norwegian Tr;nch.

Suﬁmzries of the determinations obtained by these analysés have
already been communlcated in a series of telex communications outLlnlng
the framework of factual 1nformat10n on which this present report is
basgd. A complete summary of the stratigraphic sequence penetrated by
this well is pfovided overleaf in Table 1,

»>, The terminology adopted for'tﬁc enviromental conclusions follows
that of Hedgpeth, 1957§ from which report Table 2 ié taken,

All the prepared samples and recorded information are now filed

and curated in the conf1dent1a1 recor ds section of these lpboratorles.
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SUCCESSION
!I
’;' TABLE 1
. INTERVAL . ' 'I'HICKNESS " STAGE . ' SYSTEM/SUBSYSTEM
1500% - 2040° 4+ 540° - - - Oligocene
2060' - 2260' + 200' Bartonian-Lutetian Upper - Middle
' Eocene
12280 - 2420' + 140° Ypresian o .~ Lower Eocene
2440' - 2520 + 80" - " ?Palacocene
-2540' - 2580 + 40" Danian | Lower Palaeocene
2600 - 3440° + 840" Maestrichtian )
~ 3460' - 3680" + 220! Campanian )
o ’ - o : )y Upper Cretaceous
- 3700' - 3820° o+ 120! Santonian )
)
3840' - 3980" _-l; 140" - Coniacian )
- 4000 - 4380° i. 380" ?Albian i ?Lower Cretaceous
© 4405' - 5200° + 795 Albian )
o )
5225 _ .- ?Albian - Aptian & )
, : Barremian ;
5250' - 5375 + 125! Lower Barremian - )
’ Hauterivian )
L _. ) Lower Cretaceous
5400' - .5850" + 450° Hauterivian )
o ‘ : . )
5875' - 5925' + 50' Hauterivian-Valanginian})
Co ) )
-5950' ~ 6175 4+ 225'. - Valanginian )
: | 3
6200' - 62z25°¢ + 25 " Berriasian )
6250 - 6325' 4+ 75'  Kimmerdgian ) )
' s ) Upper Jurassic
-6350' - 6625° + 275' Lower Kimmeringien )



INTERVAL

6650' - 7520°
7525' - 8040"
8050 -13610"

13640 -14100"

THICKNESS

. 870"

I+

515"

I+

I+

5560

460°

+

- TABLE 1

Continued

STAGE

Zechstein

SYSTEM/SUBSYSTEM

Upper- Jurassic
?Middle Jurassic
Triassic

Uéper Permian



TABLE 2

CLASSIFICATION OF MARINE ENVIRONMENTS

&
4
. 1
PELAGIC .
. APPROX. DEPTH
gHizh worer Fee?  Melres
Supro- e NERITIC OCEA T
c [V S———
; Littoral e -
Low weter Epipelagic ) _3
o
) "3 - 50
—— —e s — 300 4- 100
. 150
— L it1oral — T SSSSSSSSSSSSSSSSSSS (@) 600 1 200
( 1ntertidal) }—-—— Sublittoral ——-1 - 300
12001 400
iresopelagic - 500
— 3000 L1000
. .
3 - 1500
Nove s~ Queries in bdrockels [2) indicate ©
. .. S - 6000 -
thot! the limits, or discrele - - 2000
chorecler of the environmen!t, o )
ore wvncertoin. 9000 -}
- . 3000 !
S Boundary indefinite
. 12000
. H 4000
Abyssopelagic 5000 .
|- soo0
186000
t 33000 L 0000

BENTHIC

The classification of marine environments wused in this rapest is
presenied in diogrommaotic form above. Pelogic ({woter) and Benthic { botiom)
environments s8re recsgnised.

FELAGIC : o - BENTHIC
Neritic T . Supralittoral
Oceanic Littoral ( intertidal)’
Epipelagic Sublittoral
Mesopelagic Inner
Bathypelagic : " Outer
. Abyssopelagic ' : Bathyal
Abyssal
Hadal

" The classification is after Hedypeth (I1957) ond results from several
yeors discussion by a Commitiee of the Division of Earth Sciences, Notional Reseorch
Council, National Academy of Sciences, Washington D.C.

kN
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" TERTTARY"
INTERVAL 1500 - 2040'; Oligocene g
General Lithology , - €

i
This interval consists mainly of grey, glauconitic clays. Glauconite

is particularly common between 1900' and 1940' and some of it at least,

appears to have been formed by the replacement of faecal pellets in the
clay. Several beds of grey or brownish grey, cryptocrystailine limestone

are found interbedded with the clay. The limestone contzins traces of

glauconite. pyrite and mica, and in places silty material and iron oxides

" are also present.

Micropalacontolosy ané Stratigraphical Conclusions -

Miocene forms such as Astarigerina staeschei an? Uvigerina

tenuipustulata were found as contaminants at the top of the well. An

Oligocene age, however, is indicated for this upper section, based on

_the appearance of the following species Asterigerina glirichi, Globigerina

ampliapertura and Gvroidina girardana. At 1840' Rctaliatina bulimoide:

and Alabamina perlata occur and these would indicate>that the section

below this depth at least, is of Middle - Lower Oligocene age.

[y

Environmental Conclusions

A sublittoral environment is possibly indicated by the very varied

- calcareous benthonic microfauna, while the occurrence of various species

of planktonic foraminifcra indicates that open marine conditions existed

at times.



et o

. INTERVAL 2060' - 2260'; Bartonian - Lutetian, Upper - Middle Eocene

General Lithologv

In this séction grey, pyritic clay, containing abundant green and

yelloﬁish green glauconite, predominates.

- Micropalaeontology and Stratigraphical Conclusions

The top of the Eocene was taken at the first occurrence of

Lenticulina decorata. Other characteristic forms present include

Glbbiggrapsis index, Truncorotaloides pseudodubia, Pseudohastigerina

- wilcoxensis, Uvigerina farinosa and Cibicides proprius. All the forms

’bfesent within this interval’rangé lhrcugh the Upper and Middle Eocene and

this age has been assigned to the section.

Environmental Conclusions

In this interval calcareous benthonic foraminifera such as Lenticulina

-

spp., Polymurphinids and Gyroidina spp. Decome common, together with
various plankfonic foraminifera. According to Pokorny, Lenticulina

" (Robvlus) spp. occur characteristically above 600m..whi1e'czroidina
Soldanii has been recorded in the Western Atlantic from 23 fathomsiro
2369 fathows and iﬂ thé Bay of Biscay from 230m - 4200m with a maximum
abundanée at 1975m, _ .

-An outer sublittoral environmen£ is therefore suggested for these

" sediments.

INTERVAL 2280' - 2420'; Ypresian, Lower Eocene

General Lithology

The upper part of this>interval is composed of glauconitic clays
similar to those found in the overlying section. Subofdinate amountis
of brownish grey, micaceousAshale'and hard, brownish grey chert occur
at and below 2340°. The basal sample at 2420° contains some hard, pyritic, .

fcryptocrjs#alline, grey limestone and abundant fragmentsbof light grey,

dark grey and brownish grey chert., Some of the chert has been tinged
-7 -



pink or green by the iron compounds in it and it also contains finely

disseminated pyrite and carbonaceous material.

Micropalaeontology and Stratigraphicai Conclusions

.Large radiolaria, which are taken to mark the top of the Lower

Eocene in this region of the North Sea, dominate the samples around

2280'. Agglutinating forms such -as Haplophragmoides spp., Cyclammina

'sp. and Bathysiphon eocenicus also become common at this level.

Environmental Conclusions

' The appearance of more agglutinating foraminifera, espocially
Cyclammina sp., indicate a bathyal environment of deposition, Tests
of Cyclammina spp. have been found in the Bay of Biscay between

560m - 4175m with a2 maximum abundance at 1800m,

INTERVAL 2440' - 2520'; ?Palaeocene

General Lithology

This interval is>composed predominantly of very hard, light and
dark grey chert containing pyrite and carbonaceous mgterial. The
chert is interbedded with subordinate amounts of grey and brownish
grey shale. Brown, buff and greyL highly carbonaceous *tuffaceous

shales, including some medium brown shale with a characteristic white .

“’mottling,'are found between 2480' and the base of the unit,

Micropalaeontology and Stratigraphical Conclusions

This interval is assigned tentatively to the Palaeocene on the

appearance of Coscinodiscus sp., 1 at 2440' and the presence of tuffs

and tuffaceous shales.

Ernvironmental Conclusions

The dominance of chert pebbles within this interval and the

impoverished nature of the microfaunas suggests an inner sublittoral,

-8 -



or even a possible littoral environment, of deposition.

INTERVAT. 2540" - 2580°; Danien, Lower Palaeocene

General Lithology ¢ -

This interval consists of hard, whfte, chalky limestone containing
. E{
buff coloured flints and abundunt fragments of bryozoa. .

Micrlpalaeontology and Stratigraphiral Conclusions

Anomalinoides velascoensis, Gavelinella cf. danica and Globigerina

pseudobulloides are found within this interval, aud their presence

together with the appearance of hard, white, chalky limestone is indicative

of the Danian, which occurs here as a thin, dhalky develoment.,

Environmnztal Conclusions

The occurrence of planktonic foraminifera tggéther with chalk deposits '
indicate an open marine environment, Benthonic foraﬁin}fera are.in
grea£et abundance than planktonic foraminifera, and with Ehe appearance
ofblamellibrahchs and bryozoa, an inner sublittoral enviromment may alsc

be inferred.



v
CRETACEQUS

INTERVAL 2600' - 3440'3; Maestrichtian. Upper Cretaceous

.General Lithdélozy ’ .

Moderatély hard, white chalk predominates in this-section. Buff
coloured flints are very common, especially in the upper part of. the

interval.

. Miciropalaeontology and Stratigraphical Conclusiomus

Faunal elements indicative of 2 Cretaceous age are first eneountered
. \ . ) .
in the sample at 2600'., Samples benmeath this depth contain a typical
Upper Senonian assemblage and the presence of such foraminifera as

Bolivinoides draco cf. draco, Bolivinita exigua, Bolivina incrassata

gipantea and Spiriliina subornatz indicate that the uppermost beds are

- of Maestrichtian age.

Over the upper part of this interval the fauna consists almost

entirely of calcareous benthonic species, with a small proportion of

» agglutinating forms and a marked paucity of planktonic species. Caved

Tertiary material persists throughout and ir some instances represents
a significant portion of the samples.

,3 Other'species occurring in samples‘fromAthe upper part of this
interval, and which>are typical compénents of an Uppar Senonian faunz, are

Stensillina pommerana, Praebulimina carsevae, Bolivinoides decorata

laevigata and Bolivina incrassata incrassata.

From 3400' to the base of this intervai, somewhat richer faunas

were encountered, in which Ruzozlobigerina 1ugosa rugosa and

Rugoglobigerina ruzosa aff. rotundata become incraasingly cignificant
Iotundata §+Y 1B ’

~and in which occasional Globotruncana arca were noted, These, together

with such benthonic species as Reussella szajnochae, Stensilina

- 10 -



labyrinthica and Stensillina aff. exsculpta are typical Campanian -
Lower Maestrichtian components..
In the general absence of forms indicative of the upper zones

of the Maestrichtian, it is presumed that the younger Maestrichtian

beds are absent., A specimen of Pseudotextularia elegans elegans

was noted in the sample at 3000' but its preservation leads us to

presume that it is a reworked specimen which was caved from the Teritary,

Environmental Conclusions

’

The virtual absence of planktonic foraminifera together with an
ébundance of bryozoan, crinoid and other fragméntal ext;aneuus material
which is seen in samples ovef the upper 600' of this interval, must Be
taken to‘infer an inner sublittoral environment, At the commencement
of Mzestrichtian times, however, slightly more open marige conditions
ma& have prevailed, though withoﬁt.ﬁecessarily implying any increased
depth. This would account for the greatcr number of planktonic foraminifera

found in samples between 3200' and 3440°,

INTERVAL 3460' - 3680"'; Camoaniaﬁ, Upper Cretaceous

General Lithqlogy

This interval consists of moderately hard, white chalk containing
some buff coloured flints. The samples below 3600' are contaminated

with cement.

Micropalaeontology and Stratigraphical Conclusions

Very little change is to be noted in the faunas from this interval,
vwhich for the most part are comprised of species already recorded in the

overlying beds. Benthonic species still form the major part of this>fauna,

although planktonic species (mainly Rﬁgoglobigerina are present.

N

- 11 -



Certain benthonic forms such as Stensibina pommerana, StensiBina

.aff. exsculpta and Globorotalites cf. micheliniana are often present
in considerable numbers.
/ » - |
The top of this interval is marked by the first.appearance of

Globotruncana marziﬁata and Globorotalites c¢f. micheliniana in the

sample 3440' - 3460'; the Campanian age being supported by the

occurrence in the following sample of Globotruncana linneiana linneiana.

Lower in this Campanian interval, true Globorotalites micheiiniana

appear together with specimens of Gavelinella clementina, and supporting

this age determination.
N /:

Environmental Conclusions:

The environment of deposition during Campanian times would have
been generally similar to that indicated above - & sublittoral
environment (possibly more outer sublittoral), with fairly open

marine connections.

. INTERVAL 3700' - 3820':; Santonian, Upper Cretaceous

General Lithology

. The samples in this interval are contaminated with cement and
lost circulation material, but appear to consist of moderately hard,

white chalk similar to that found in the overlying .section.

Micropalaeontoloey and Stratigraphical Conclusions .

Samples over this short interval displéy a noticeable increase

in the numbers of Gavelinella costata and Stensi¥ina spp.s coupled

with a decrease in the number of planktonic foraminifera. The

species of Stensilina identified in these samples included S. exsculpta,

S. exscﬁlpta gracilis and S, praexsculpta. These would suggest a

Santonian age.

-12 -
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Environmental Conclusions -

v

Similar general conditions of depesition are reflected to those alread&

-

. indicated above. The meagre number of planktonic specimens suggest that the

open marine connections had only developed‘at the close of Santonian

- times.,

»

’

INTERVAL 3840' - 3980'; Coniacian, Upper.Cretaceous

. General Lithology
The interval consists mainly of soft, creamy white chalk. Traces
of glauconite are first sgén in the chalk at 3900% and from 3940' to

the base of the unit highly fossiliferous, glauconitic, white limestcne

is interbedded with the chalk,

Micropalaeontology and Stratigraphical Conclusions

A resurgance in the numbers of planktonic foraminifera occurring
- - in samples below 3820' leads us to believe that the interval to 3980"

tepresents the Coniacian. Rugoglobigerina rugosa rugosa, Globotruncana

marginata and Globotruncana linneiana linneiana occur frequently in

these residues,  In addition, Globotruncana linneiana tricarinata and

i . Globotruncana aff, imbricata are also recorded from samples towards the
v. base of this section. Throughout. this interval, samples contain a
fairly prolific fauna of the benthonic_épecies already encountered in

the'higher levels of the Senonian.

Environmental Conclusions

A_sublittoral environment seems to have prefailed throughout
Senonian time. From the planktonic content of the Coniacian samples
it would appear that at th~2 beginning of the Senonian, more open.

-

marine conditions were_in existence.



A S P
cen {z§0 - 1354 _
INTERVAL 4000' - 4380‘; 7AlbLan, 9Loxer Cretaceous

General Litholozy

.The top of thls interval is marked by the incoming of soft, grey
clays, The clays are glauconitic and contain traces of fine-grained, .
subangulaf sand and silt; Subordinateﬁémounts,of pyrite are also

1
present. Between 4150‘ and tie base of the sectzon,strlngers of

"1igﬁt brown,'sucrosic. sphaecosiderite are common.,
! _

Micropalaeontologv and Stratigraphical Conclusions

This interval contains an extremely poor microfauna which is

-composed primarily of fragments of calcareous benthonic'and
agglutinating foraminifera. The most distinctive feature of this
unit, by comparison with the preceding one, howe ver, is the incoming

"~ of glauconltlc grey CLays.

Environmenial Conclusions

Tﬁe sparse microfauna does mot allow any firm environmentéi
conclusions to be made,althoﬁgh it is suggestive of a su§litto:al
environmént. The cléar seas of the Uppér Cretaceoué obviously do noﬁ-
'>occur in the ?Alblan when the afea was rece1V1ng con31derable
amounts of flne-gralned terrigenous matprlal

, "WL /(K |
INTERVAL 4405' - 5200'A Albian, Lower Cretaceous

General Lithqlogv

Glauconitic, grey clays contaiﬁing somec sphaerosiderite ﬁredoﬁinate
in the upper part of‘the intefval. Below 4550' the cla&s are»intcrbédded
with limestone, dolomite aﬁd siderite. The limestome is light brown
or grey, cryptocrystalllne and frequenuly mlcaceous.ﬂ The éolomite and

31der1te are dark grey or bromn in colour and are often closely acsociated

with each other. They are generally cryptocrystalllne'and contaln black

-‘IA..-. : e



specks of carbonaceous material,

Micropalacontologv and Stratigraphical Conclusions
At 4405' there is a distinct change in the microfauna with the

appearance of agglutinatiﬁg foramiﬁifera, Haplophrazﬁdides s?p.,

in significant numbers, and of Epistcmina chapmani. Subsequently,

the assemblages consist primarily of agglutinating foraminifera with
occasional incursions of calcareous benthonic forms. At the béSe of the
.secéion (5075' - 5175'; the samples are particul&rly rich in agéiﬁtinéting
species, The calcareous benthonic element of the microfauna is

dominated by species of Epistomina viz., E, cf. caracolla, E. chapmani,

cretosa, E. spinuiifera polypioides, E. spinulifera spinulifera and

E.
~ E, reticulata, The presence of the various species of Epistomina aund

- Verneuilinoides SUbfiliformis indicates that this unit is of Albian

Environmental Conclusions

The moderate to rich microfaunas dominated by agglutinating
foraminifera are suggestive of an inner sublittoral environment,

This is supported by the absence of plauktonic forms which indicates
_the lack of ény open marine connections. :
. /a2 .

- INTERVAL 5225'; ?Albian - Aptian and Barremian, Lower Cretacaous

Genéral Lithology

_The ‘'single sample consists of clays containing stringers-of -.
limestone, dolomite and siderite similar to ‘those found i :
in the overlying interval, In addition a few small yellowish brown

iron ooliths are present in the clay.

"Micropalaeontology and Stratigraphical Conclusions

. An abrupt change in the microfauna is apparent _at this level.

_Although considerable numbers of agglutinating forms persist in this

- 15 -



sample, the general assemblage is dominated by calcareous benthonic
and planktonic foraminifera.
The ‘association of species however, is anomalous, for we have an

influx of Hedbergella infracretacea (which'ﬁormally occurs in Albian

‘or Aptian sediments) in association with the flrst appearance of

typical Barremian specles - Gavelinella barremlana Conorotalites

intercedens and g. cf. bartensteni and the ostracodes Cytherella

pyriformis and Pontocyprella rara. We would suggest, therefore, that
although this sample is undoubtedly of Barremian'age,'we may here be
dealing with a condensed seqﬁence which represents both. Albiau - Aptian

and Barremian sediments.

Environmental Conclusions ' o IR

The influx of planktonlc and calcareous benthonlc spec1es in
thla sample suggests that we are dealing with an outer sublittoral
environment with good open marine connectlons._

et 199

INTFRVAL 5250% - 5375°'; Lower Barremian - Hauterivian, Lower Cretaceous

General Lithoiozy
The interval con51sts mainly of soft grey, pyritic clays which
‘contaln subordlnate amounts of dark brown and grey, cryptocrystalllne

s1der1te and dolomite.

‘Mlcropalaeontolooy and btrat1graph1ca1 Cenclusions

'The occurrence of Epistomina caracolla caracolla at 5250"and the

subsequent appearance within this 1nterva1 of Eplstomlna ornata and

I'e

Lenticulina elcnenbergl would atronﬂly suggest that we are dea11ng

with Hauter1v1an sedlments, although these - spec1es do range into the

-~

'Lower Barremlan. The first appearance below the incoming of Eplstomlna

caracolla caracolla of more typical Barremian species such as Planularia

crepidularis, Lenticulina ouachensis ouachensis and L. ouachensis
"~ « — e e ————

wisselmanni however, suggests the presence of.Barremian rocks, but



we assume these forms have in all probability caved. The additional
occurrence of Lower Barremian -~ Hauterivian forms such as Gavelinella ?

sigmoicosta and Lenticulina schrziteri leads us to assign a Lower

Barremian to Hauterivian determination to this unit,
o o ¢ . o

Environmental Conclusions -

An outer sublittoral environment

T Sme B

s indicated for this interval by the
1ar%e numbers of calcarecus benthonic foraminifera which dominate the
microfaunas.

INTERVAL 5400' - 5850': Hauterivian, Lower Cretaceous -

General Litholdzy-'

The upper part of this interval is composed of soft, grey, pyritic
. clays waich contaiﬁ trates;of dark bréwn-siderité. Fine to medium-
grained, subangulai séndstone.is'first seen at §5bb',and below this '
deptﬁ the fofmation appears to‘consist of interbedded sandstones and
cléys. The sandstone contains frégﬁeﬁt; of carﬁonaceous material and
is locally cemented with calcite, Some coarse, subrounded sand grains

are presenf below 5650,

Micropalzeontology and Stratigraphical Conclusions

The appearance of Hechtina ahtiqua, Citharina harpa and the more

consistent occurrence of Epistomina ornata in this interval suggests

'.thgt sediments of defirite Hauterivian age have been encountered. The

presence of the ostracodes Apatocvthere simulans and.Schuleridea

rhomboidaiis'qupports this determination,

Environmental Conclusions
‘The relatively rich microfauna dcminated by calcareous benthonic

~ foraminifera suggests an outer sublittoral environment for this interval,



ool e S

INTERVAL 5875' - 5925': Hauterivian - Valancginian, Lowasr Cretaceous

General Lithology : . ' ST .

This section comnsisls of interbedded clays and sandstones similar

to those found{in the“overlying interval, Subordinate amounts-of'browq;

cryptocrystalline dolomite are also precent and traces of greenish grey,

"dolomitic shale are seen below 5885!,

-

Micrupalaeontology and Stratigraphical Conclusions

The appearance in the essentially calcareous benthonic microfauna

of the ostracodes Dqlqcvtheridea aff. wolburgi and Schuleridea cf.

thoerenensis tentatively suggests that Valanginian sediments have been

penetrated. In the absence of any further evidence, however, we have

assigned a ranging Hauterivian - Valanginian age,which is supported

by the occurrence of Lenticulina nodoca,

- Environmental Conclusions IR

A similar environmeéent of deposition to that of the preceding
interval is envisaged for this section.

/gw 1885

" INTERVAL 5950' - 6175': Valanginian, Lower Cretaceous

General T.ithology

N

. Grey clay and soft, greenish grey shale predominate in this
i{nterval, Traces of sandstone, and some medium brown dolomite and

light brown sphaerosiderite are found associated with the clay.,

4

Micropalaeontology and Stratigraphical Conclusions
Initially the gencral microfauna is eﬁsentially similar to that
~of the overlyiug intervaly but from 6100' until the base,a rich

assgmblage_oceurs,'dominaLed by agglutinating foraminifera. The

appearance'of.Ammovertella cellensis ahd the ostracodes Protocythere

hannoverana and Schuleridea praethoerenernsis in this unit indicates

-
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that it is of Valénginigu age.

Environmental Conclusions

The increase in the agglutinating element of the micrbfauna at the
expense‘bf the calcareous benthonic’fractién suggests thét.the outer
‘sublittoral environment of the preceding interval is more restricted
here and may be more inner subli;toral. |

e [

INTERVAL 5200' - 6225': Berriasian, Lower Cretaceous _

Genéral Lithology

This interval is composed of soft, grey.pyritic clays which contain’

. thin stringers of dark brown siderite aud traces of fine-grained sand.

1

Mi#ropalaeontolozv and Stratigrgphicai Coﬁclusions

The.upperlof the two samples from this interval contains An iaflex
of calcareous benthonic foraminifeld,although agglﬁtinating foraminifera
still comprise a iarge part df the miCrdfauna, The second sample is
“'-dpminated by agglutinating forms with a corresponding feduction>in

- calcareous benthonic species, The occurrence of the ostracodes

Schuieridea juddi, Paracypris caerula, Orthonotacythere speetonensis

and Mandelstamia sexti allows a Berriasian age to be assigned to these

N

‘sediments,

Environmental Conclusions

The presence of both calcareous benthonic and agglutinating
foraminifera in this interval suggests a sublittoral environment
vhich is less restricted than either the preceding or “succeeding

- intervals,
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. / ' JURASSIC -

INTERVAL 6250' -~ 6325': Kimmeridgian, Ugper Jurassic

ot
P

The top of this interval is markod by a thin bed of creamy white

Genefal Lithology

crprccrystalliné, pyritic limestone. The remainder of the section
consists of soft, grey clays containing traces of sandstone, siderite’

and pyrite.

R 3 \,

\ . : -

Micropalaeontology and Stratigraphical Conclusions

The presernce in an essentially-agglutinating foraminiteral

microfavuna of Haploohragmcides sp. 2 and Mandelstamia aff, tumida

is suggestive of a Kimmeridgian age for the first .50 of this section.

- There is a censiderable increase in the numbers of agglutinating forms

seen here when compared with the overlying interval.

At 6300' a further increase in agglutinating species is apparent,
and the presence, as common species, of Trochammina spp. and the more

common occurrence- of Haplophragmoides sp. 2 leads us to assign a

" positive Rimmeridgian determination to these deposits.

Envircnmental Conclusions -

A restricted sublittoral environment is indicated for this interval

- by tke prepphderance'of agzlutinating fcraminifera in the microfauna.

INTERVAL 6350'_- 6625'; Lower Kimmeridgian, Upper Jurassic

General Lithology

This,interval_ccnSists entirely of soft, grey clay containing traces

<

of pyrite and fine-grained sand.
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INTERVAL 6350' - 6625'; Lower Kimmeridsian, Upper Jurassic

General Lithology

.

This interval comnsists entirtely of soft, grey clay containing

traces of pyrite and fine-grained sand.

Micropalaeontologv and Stratigraphical Conclusions

The microfaunas of this interval are a continuation of those
recorded in the Kimmeridgian unit. The presence of the ostracodes

Galliaecytheridea elongata, Mandelstamia rectilinea and Galliaecytheridea:

oertlii are, however, more suggestive of Lower Kimmeridgian sediments.

. -

Environmental Conclusions

The eppearance of radiolaria, in assembiages dominated by agglutinating
foraminifera (particularly below 6425'), suggests some deep open marine
influence on the environment. We would suggest therefore that these rocks
were deposited in a bathyal or outer sublittoral environment.

INTERVAL 6650' - 7520": Upper Jurassic

General Lithology

The upper part.of this unit is ;ompoéed oflgrey, sandy, pyritic,
clayé simil#r to ;hose fournd above. Thin intercalations of light'grey,_
eryptocrystalline limestone occur below 6§25' and at 7075' there is a
bed of medium grey, silty dolomite. _T;aces of carbonaceous material
are seen iﬁ the sample at 7100' and below this dark, gfey and brown,
éiléy shales containing abundant ca;bonaceous material are the
predominant lithologies. These shadles are dissected by calcite veinms
and contain thin beds of light grey limestone and yellowish brown,

cryptocrystalline dolomite. Traces of fine-grained sand are present

in the éamples from 7475° to the base of the sectionm,
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Micropalaeontology and Stratigraphical Conclusions

The microfaunas of this interval are dominated by agglutinating

.

" foraminifera, in particular Hsploohrarmoides spp. and Ammobaculites
/ 2

spp. Ostracodes are virtually absent from these sediments: those forms
present are not stratigraphically significant and merely indicate an

undifferentiated Uppe€r Jurassic age for the section,

Environmental Conclusions
The radiolaria and agglutinating foraminifera which predominate
in these rocks suggest that deposition occurred in an outer sublittoral

or bathyal environment,

INTERVAL 7525' - 8040'; ?Middle Jurassic

General Lithology

The uppermost sample at 7525' is composed mostly of davk grey,
carbonaceous shale contalnlng traces of sandstone. At 7530' there is
a bed of yellowish brown, glauconitic, locally silty dolomite
eontaining traces of mica, pyrite and iron oxides, and immediately‘
below this at 7540 yellow1sh f‘ne-gralned subangular sandstone
becomes predomlnant The rest of the interval is composed of dark
grey shales 1nterbedded with white, fine- gralned sandstone and minor
amounts of coal, From 7980' tc the base of the secticn the samples are
composed almost entirely of fine to medium-grained sandstone. Some of

the sand has been stained pale green or amber, ' .

Micropalaeontclogv and Stratigraphical Conclusions

Tne incoming of sands and coals at 7530' is accompanied by a
marked reduction in the numbers of‘foraminifera recovered. No ostracodes
occur in this.section and it is poseible that the fcramin”era have all
cavved. On the ba51s of this rather fragmentary evidence we have as51gned

a questlonable Middle Jura551c age to the 1nterva1
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Environmental Ccnclusions

The presence of sand and coals in association with poor
. ‘

migrcfarnas suggests a nearshorc or possibly lagoonal and doltaic

deposits and enviromment for these sediments.
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Vi
TRTIASSIC

INTERVAL 8050' - 13610'; Triassic

= ' General Lithology

q
This interval can be divided into g number of lithological units.

The first from 8050'.to 10040" consists;mainly of conglomeratic
‘sandstone. The sandstone is composed of rock fragments, granules and
small peblLles of quartt and fine to coarse-grained sand, Many of the
quartz grains have been stained pink, green or amber and the_majority
are angular or subangular in shape. The sand is cemented with reddish
brown or pale green marl or clay. Subordinate amounts of orange- red

reddish brown and pale green, locally silty shales and marls, and some

s soft, white, chalky limestone which grades into a creamy white, highly

calcareous marl, are associated with the sendstones} Mica is a commonr

oonstituent of both the shales and the.sandstonee, and the whole

formation contains an unusual amount of accessory minera]s.

5 Between 10050' and 10700' the formation remains predominantiy

E : arenaceous, but contains up to 30% of white, chalky limestone and marl.

. Limestone is virtuaily.absent from the samples between 10710' and 11020°

but at 11030' becomes a prominent constitueunt of the rocks again,

White, chalky limestone remains common oown to 11550',.and in this

. .section some rounded and eubrounded sand grains are preecnt.

i_ The rocks between 11560' and 11790' consist mainly of san dstone,
but from 11800"' to 12470' soft, white, cha;ky limestone and llght pink,
-slightly'sandy, highly calcareous marl are the predominant lithologies.

Sandstones and conglomerates s;mllar to those at the top of the

interval are the principal lithotypes from 12480" to 13220'. The

section between 12820' and 1299u°' contains a high proporation of white,

chalky limestone.
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The basal section from 13260' to 13610' is composed of fime to
medium-grained sandstone interbedded with red, brown and pale green
shélgs and marls, Light red merl is_ve:§ common at 13280', and below

:13480' buff and light pink, highly calcareous marls are abundant.

Palynology and Stratigraphical Conclusions

The litﬁologies encountered in this interval are unlike those
ﬁo¥mally encountered in the Tfia;sic in the soutﬁeru part of the
~North Sea. This ﬁakes correlation &ith the type section difficult.
However, the predominance of coarse clastics in this iunterval and

the presgﬁce of Zechstein sediments directly beneath it suggests

f :
that this interval is of Triassic age. The different.character of the
sediments in this well may be due to their having been derived from a
different source area from those encountered to tﬁe sputh and west Qf
'the,present well, |

. Tﬁe'onl§ strongly arenaceous formatioﬁ found in the Triassic
‘elsevhere in the North Sea is the Middle Bunter, but the typical Middle
-Bunter.sandétones are clean, rounded and‘moderately well-sorted
whereas the sandstones in this well are angular and unsorted and cbntain
many relatively unstabie minerals. There is no definitiye evidence
in the ditch cutting samples that this intervél belongs to the Bunter.

- 'The middle part of the interval between 10050' and 12990' includes
four sections rich in whife, argillaceous‘limestone. Thesg é#rbonates
could have been deposited in the Muschelkalk sea, the margins of which
probably lay fairly close to the location of this well., If the
carbonate section does represent the Muschelkalk then the overlying
_sandstones would presumably belong to the Keuper and the sands beneath
to the Bunter. The Muschelkalk is not normally so thick (nearly 3000')
but the unusual aspect of the other Triassic sediments in this well

indicates that conditions of deposition were rather different from those

N

prevailing elsewhere.
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Very few palynomorphs were recorded from this interval. The

association of Cycadopites sp. NSl and Duplicisporites cf. gzgnulatus-
at 9490' strongly suggests that récks of Neotriéssic Carnian age
(older Keuper) have been penetrated. This determinatioﬁ would be
consistent with the theory that the white chalky limestones and marl
at 10050' are represehtatives of the Mu;chelkalk. The indeterminate

‘ striTte bisaccate recorded at 12000' and the single specimen of

Stridtoabietites sp. at 13460', together with the lithological evidence, '

‘provide further support for the Triassic age of this unit. Furthermore,

the presence of a specimen with affinities to Aculeisporites varichbilis

at 13460' tentatively suggests that rocks of Palaeotriassic, Skythian

ege (Bunter) have been reached.

Fnvironmental Conclusions

The coarse sands and coﬁglomerates found in' this interval were

] probably'depésited by a large river whici rapidly carried the eioded
detritus down from the uplands and deposited it before many of the
minerals-in it could disintegrate or the more resistént grains become
rounded or sorted. ’The-wﬁite, chalky limestone could‘have beén.laid
‘down on thé margins of a large, paftially enclosad sea where the rate
of evaporation was not sufficient1§ high ;é precipitate the m;re |
soluble salts such as anhydrite and halite; It is probably theréfoie.
that these sediments were deposited in a restricted néarshoré and arid

environment,
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VII

PERMIAN *

INTERVAL 13640' - 14100', Zechstein, Upper Permian

General Lithology : ' ¢

3

The top of this interval is marked %y the incoming of soft, greyish

white anhvdrite., The anhydrite has a sugary, fibrous or finely ciystalline
texture and is c§mmon throughout the interval. Soft, micaeous, lbcally

silty buff and light gfeenish-grey, slightly dolomitic shales are interbedded
with the anhydrite below 13660'. The subordinate amounts of reddish brown

shale and candstone present have probably caved from the overlying interval,

Palynology and Stratigraphical Conclusions

The abundance of anhydrite and dolomitic shales in the interval indicates

i

that the Zechstein has been penetrated.

Rich microfloral assemblages were obtained from this interval and the

association of Illinites tectus, Labiisporites granulatus, Lueckisporites

virkkiae, aff. Perisaccus granulosus, Protohaploxypinus cf. chaloneri,

P. cf. pennatulus, Taeniazesporites cf. albertae, T. hexagonalis, T. novimundi

and Vittatina hiltonensis provides ample evidence for an Upper Permian age

-(Zechstein).

Environmenital Conclusions

These rocks were probably deposited in a'shaliow, inlznd sea in a

hot arid climate where the rate of evaporation was rapid.
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VIII

CONSLUSIONS

-

The oldest deposits encountered in this well are of Upper Permian
age., They comprise a series of evaporitic sediments which are inferred
to have been deposited irs an enclosed sea or lagoonal environment.

|

is succeeded by a section of more than 5000' of sediments which ore

Only ,the upper part of the Permian sequence were penetrated, and this
regarded as being of Triassic age. It is probéblé that the Triassic
section is separated by discontinuity from the Permian beds beneath; '
although there is no direct evidence available as to the magnitude of this
unconformity.

The Triassic interval is seen to concist of a basal sectién of scme
600' which passes upwafds from marls to shales, @e&ium-grdined.éandstonc,
coarser sandstones and eventually to conglomerates.‘ This depOsition
probably occurred in an inland éea under a strong continental regime,
In the mid part of the Triassic sﬁccession some 2900' of si&ilér
;éndstones interbedﬁed with white 1imestones and sandy marls could
represeﬁt marginal deposits ig this shallow sea. At the top of tﬁe
Triassic sectioﬁ a further 2000' of conglomeratic sandstones with occasional
siity shale and calcareoﬁs marls, represents continuing deposition in a
similar environment. - e |

S;diments of Jurassic age are found in tﬁe interval 6250 - 8050*.
Thé Lower Jurassic appears to be completely absent ana the lower 500°
of tﬁe Jurassic section is thought to be of Middle Jurassic age. A
.major unconformity therefore exists at the base of this-section; implying
a lengthy period of non-deposition, or, if sediments were deposited, a
subsequent erosion which stripped away all traces of Lower Jurassic
_ depOSits.' It is probably that additiomnal unconfofmi;ies of‘slightly

less magnitude, may be interspersed through Middle and Upper Jurassic

- 28 -
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times., The‘Juiassic section seen here, is comparatively £hin, and
palaecontological control is broad and generalized., In additiom, whilst .
the sediments of the supposéd Middle Jurassic section are typical mearshore,
or coastal deposits, the overlying section of clays with thin intercalations
of sands and limestones are regarded as indicéting a gradual increase in
depth to a sublittoral or even bathyal‘environment.‘ T .

The Jurassic section is followed by Lower Cretaceous sediments foming
an interval of 2200'. Good.palaecntological control indicates that a
fairiy broad §ucce$sion is present from early to late Lower Creﬁaceous
times. Sediments of Beriasian age are seén only in a siugle sample whi;h
wouldindicate either a residual fauna, a condensed sequence or an extremely
thin layer of sediments of this age. Vaianginian and Hauterivian intervals
have been determined, and Barremian elements are fecognised in another
thin interval., A break in succession then occurs in;which it appears "’
that the entire Aptian stage may be missing, Howéver déposition re-occurred
at some stage in the Albian and the t6p 1170' of the Lower Cretaceous is
recognised as Albién or questionable Albian. Whilst the Lower Crctaceous
sediments consist mainly of soft clays with occasional shales and interbedded.
sandstones, the‘environment reflected by the palaeontology is csseniiaily
sublittoral, alternating between inner and outer sublittoral suggestive

of an intermittent sﬁallowing and déepening of an outer area of shelf sea.

A moderatelyﬂthin Upper Cretaceous';ection is found to contain Senonién
sediments ranging through Coniacian to Maestrichtian times; -The absence
of a2 Cenomanian - Turonian interval implies a furthér major,.non-depositional<'
break dhring vhich time this area was either elevated to form a land area,
or has subsequently been dcnudsd of zll sediments of that age. Throughout
th; Upper Cretaceous interval, the lithology consists of chalk witﬁ a

little limestone at base, which is thought to have been deposited in a

shelf sea; the intermittent appearance of planktonic foraminifera beinyg
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regarded as indicating more open conmnections in an otherwise partly
enclosed, or similiarly restricted sea.

Despitle the presumed absence of Upper Maestrichtian beds implying
another depositional break, similar conditiéng are seen to extend up -
'int? the base of the Tertiary secticn, vhere 40' of Danian chalk was
encountered. Above this 80' cnerts and shales, temntatively ascribed to
the Palaeocene, suggest a further’shallowing of the seas,

At 2420' a change of fauna indicates that the overlying clafs,’which
are of Lower Eocene age, were deposited in outer sublittoral or even dathyal
seas and this suggests a fufther discontinuity in the sequence. The
‘topmost 75C' of section constitutes a predominantly clay lithology and By
the nature of the faunas observed in these beds, it is believed that
depositiou through Middle Eocene to Oligocene times pccurred in a sﬁblittoral

environment in which open marine connections were maintained.

o~
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