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- SUMMARY

Triassfc ro‘c'ks are the olde_st encountered in this well. They form a
very thick sequence of continental and fluvio-lacustrine deposits which from
palynological evidence are suggested to range fro¥n Ladinian to ‘?Rhaetian.
Initially they are fine sandstones with minor red shales and these pass
up firstly into a red and grey shale sequence and then into interbedded red
shales and sandstones vﬁth sporadic grey shales. Towards the top of the
Triassic, limestone bands and then coarse, white sands probably of fiuviatile
or littoral origin are encountered. Deposits of this type extend up ihto the
Lower Jurassic as far as the Sinemurian.

Overlying the Lower Jurassic sands are marine sediments comprising

- grey shales with subordinate sands and ironstones. The microfossils and

palynomorphs recovéred suggest they range from Upper Sinemurian to
Toarcian in age. Middle Jurassic sands and interbedded shales of probable
déltaic origin overlie the Lower Jurassic deposits and pass up into a very
thin section of black, Kimmeridgian shales.

An unconformity cuts out the Lower Cretaceous and part of the Upper
Cretaceous and rocks ranging in age from Santonian to Maastrichtian overlie
the Kimmeridgian. They are fairly deep wafer marine deposits which are
initially interbeddéd siltstones, fine sandstones and shales but in the middle

of the Campanian they pass up into a dominantly shale sequence. In the



“
i

Maastrichtian some interbedded limestone and chalk also occur and a rich
assemblage of planktonic foraminifera . indicate strong open marine influences
at this time.

| The Daﬁian appears to be missing, thus the Palaeocene rests:
unconformably on the Maastrichtian. Volcanic activity is in evidence in the.
Palaeocene as indicated by the presence of tuffs and tuffaceous shales.

Oﬁter sublittoral —- bathyal watér depths existed thrbughout the
Palaeocene, Palaeocene — Lower Eocene, Eocene, ?Eocene and up to\ 3580'
in the Oligocene. Open marine connections did occur as shown by the
presence of radiolaria in the Palaeocene and Lower Eocene - Palaeocene and
the occurrence of planktonic'fora;minifera towards the top of the.

Palaeocene.

In the. upper part of the Oligocene the seas shallowed to outer sublittoral
depths, this environme‘nt being maintained throughout the Lower and
Middle Miocene. vThe occurrence of planktonic foraminifera in the Lower
and Middle Miocene indicates that open marine conditions existed. \

- Further shalbwing to outer sublittoral — inner sublittoral depths

occurred in the Upper Miocene.
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INTRODUCTION

This report summarises the results of the micropalaeontological,
palynological and stratigraphical analyses which have been carried out on
.material received from the interval 1660’ — 14280' from the Mobil 33/ 12;2
Norwegian North Sea Well under Project No. ITA/745/1138. |

Under this projecf a total of 993 ditch cuttings and 14 core samples was
analysed utilising standard micropalaeontological techniques. In additicn 109
ditch cuttings, core and sidewall core samples cox}ering the interval 8140’ -
14280' were treated palynologically.

A summary of the determinations obtained by these analyses has
already been corﬁmunicated by telex and télephone and forms the framework
of factual infprmation '_on which thibs report is based. A summary of the
sequence penetrated in this well can be seen in Table 1.

The terminology adopted for the environmental conclusions follows that
of Hedgpeth (1§57) from which Table 2 of this report is taken.

The prepﬁred samples and recorded information are ﬁow filed and
curated in the confidential records section of these laboratories.

We wish to acknowiedge the continued co-operation .and assistance
received from the various members of Mobil Exploration Norway Inc., with

whom we have been associated during the course of this work.



Interval

1660' - 1760
1780" - 2480
2500" - 2920
2940' - 4120
4140' - 4380
4400 - 4500"
4520' - 5420
5440' - 6100
6120' - 6380"
6400' - 6620
6640' - 7940
7960" - 8140

5;160"

8160" - 820"
8250' - 8330"
8350' - 8630"
8650' - 8810"
8830' - 9100
9120" - 9380
9390' - 11810"

11820' - 14280!

Thickness

+ 100"
+ 700
+ 420
iuéo'

+ 240

+ 100

900"

1+

+ 660"

260’

I+

+ 220

+ 1300

1+

180’

1+

40'

80'

1+

1+

280!

1+

160!

I+

270"

1+

260"
+ 2420

+ 2460'

. 'SUCCESSION

TABLE 1

Stage

Maastrichtian

Lower Maastrichtian
Campanian

Santonian

Kimmeridgian

Toarcian

Domerian

Carixian - Upper Sinemurian
Sinemurian

?Hettangian

?Rhaetian - ?Carnian

Carnian - ?Ladinian
- 4 —

System/Subsystem

Upper Miocene
Middle Miocene
Lower Miocene
Oligocene
?Eocene
Eocene

Lower Eocene -~
Palaeocene

Palaeocene

Upper Cretaceous

N N S S St S’ S’

Upper Jurassic

Middle Jurassic

Lower Jurassic

N a? w” m w wt” w ’ w”

Upper Triassic

Upper - ? Middle Triassic



TABLE 2

CLASSIFICATION OF MARINE ENVIRONMENTS

PELAGIC
APPROX. DEPTH
rHigh woter Feet Metres
- 0+ 0
Ei‘g’;‘r’o' ————NERITIC OCEANIC ———————————F
T
Low waler/ Epipelagic =
o
4 - 50
e e e e e e e e e 3°°-rloo
150
e Littorat—- SSSSSSSSSSSSSSSSSSS (2 690 1 200
( Intertidal) Je———— Sublittoral -—T I 300
1200 400
Mesopelagic I~ 500
30001 1900
SSSSSSSSSS ST N
v
. - 1500
Note :- Queries in brockets (7) indicate F 6000
thet the limits, or discrete 2 L 2000
character of the environment, Bathypelagic o
are uncerfain. ’ 9000
- 3000
e Boundary indefinite
12000
I 4000
6, Abyssopelagic 15000
I scoo
18000 -
BENTHIC ¥ 33000 -L 10000

The classification of marine environments used in this report is
presented in diagrammatic form above. Pelagic (water) and Benthic (bott

environments are recognised.

PELAGIC " BENTHIC
Neritic Supralittoral
Oceanic Littoral ( Intertidal)
Epipelagic Subtittorai
Mesopelagic Inner
Bathypelagic OQuter
Abyssopelagic Bathyal
Abyssal
Hadal

The classification is after Hedgpeth (!957) and results from

years discussion by a Committes of the Division of Earth Sciences, Nationai Research

Council, National Academy of Sciences, Washington D.C.

om)

several
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TERTIARY

INTERVAL 1660' - 1760'; Upper Miocene

-General Lithology

Sandy, silty clay is predominant. Coarse tc very coarse sand, rock
fragments and shell fragments also occur but may be caved. The samples

are contaminated with cement.

Micropalaeontology and Stratigraphy

The foraminiferal assemblage within this topmost interval, which

contains Cibicides cf. pseudoungerianus, is indicative of an Upper Miocene

age.

Environment
A general sublittoral environment of deposition is postulated for this
interval on account of the combination of shallow water forms, e.g. Elphidium

8pp., Quingueloculina seminulum and Rotalia beccarij together with deeper

water forms, e.g. Cassidulina spp.

INTERVAL 1780' - 2480'; Middle Miocene

General Lithology

Light grey clay occurs throughout this interval along with very fine to
fine clear sand and silt. Caved rock and shell fragments are preseht in the

samples.
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Micropalaeontology and Stratigraphy

| ‘This interval contains a diversified but generally very poor microfauna.
The overall assemblage consists dominantly Qf calcareous benthonic foraminifera
with a few agglutinating and planktonic foraminifera. The appearance of

Pullenia sphaeroides at the top followed, in order of appearance, by

Spiroplectammina deperdita, Epistomina elegans, Sigmoilina celata,

Loxostomum sinuosum, Bolivina dilitata, Bolivina beyrichi and Uvigerina

hosiusi indicate that these deposits are of Middle Miocene age.

Environment

An open marine, outer sublittoral environment of deposition is suggested
for this interval on account of the diverse foraminiferal assemblage containing

a number of planktonic species.

INTERVAL 2500' - 2920'; Lower Miocene.

General Lithology

The lithology down to 2640 is like that present in the overlying interval
but at around 2660' - 265;0' there is an increase in sand. This is very fine to
coarse with the coarser grains often being well rounded. Shell fragments also
occur at 2660' while at 2680' (and also in the 80' below) the sand is iron—lstained'
and aséociated with small ironstone nodules. Light grey-brown, slightly sandy

clay is present in the lower part of the section.

Micropalaeontology and Stratigraphy

Lower Miocene deposits are seen to have been penetrated with the



appearance in the top sample of Orbulina universa followed lower in the

interval by Globorotalia scitula and Globorotalia barisanensis.

The microfaunas fluctuate in abundance and are dominated by calcareous
benthonic foraminifera with a few agglutinating foraminifera. Planktonic

foraminifera occur more commonly.

.Environment

A similar environment of deposition to that of the overlying interval is
postulated on account of the diversity of calcareous benthonic foraminifera.

Open marine connections are suggested by the abundant occurrence of

" planktonic species.

INTERVAL 2940' - 4120'; Oligocene

_ General Lithology

Clay and shale are the dominant lifhotypes with subor_dinate sandy
beds.

Sandy, slightly pyritic clay is present above 3040' but from 3060' to
about 3340' there is an increase in sand (which is predominantly very fine to
fine~grained) together with notable amounts of dark green glauconite. The

clay and shale which occurs over this section is buff and brown, sandy and

glauconitic. Sponge spicules are also noted at 3300'.

Light brown, soft, slightly silty shale and clay are dominant from
3380' to 3600' but at 3620' there is a marked increase in clear sand which

includes coarse, rounded grains. The amount of sand falls off below 3720' and



light to dark brown shale and clay become the main lithotypes. Some
iron-staining occurs at 3980' while just below there is some creamy white
shale/clay. The bottom 100' of the interval contains medium to dark grey—

brown shale and clay with very fine to fine white sand.

‘Micropalaeontology and Stratigraphy

The deposits in this interval ére either barren or very poorly
fossiliferous. Calcareous benthonic foraminifera are dominant down to 3500'
whilst below 3560' deep water agglutinating foraminiferaA appear in smail
numbers.

An Oligocene age is attributed to this interval on account of the

appearance of Globigerina prasaepis in the topmost sample. Further
evidence for an Oligocene age is shown by the subsequent appearance of

Virgulina schreibersiana, Globigerina ouachitaensis, Turrilina alsatica,

Nonion sp. 1, Elphidium subnodosum and Sigmoilina schlumbergeri. A

flood of sponge spicules occurs below 3200'.

Environment
An outer sublittoral environment of deposition is suggested for this

interval down to 3560' whilst below this depth the appearance of deep water

‘agglutinating foraminifera including Bathysiphon sp., Cyclammina placenta

- and Glomospira charoides indicates that outer sublittoral - bathyal depths

occurred during deposition of the basal section.



INTERVAL 4140' - 4380'; ?Eocene

General Lithology

Grey-brown clay is present in the upper part of this interval but at
around 4200' to 4260' there is also some very finely granular siderite,
dolomite, light creamy brown limestone and grey-green shale. Clay and

soft shale with a 1ittle fine sand make up the bottom 100",

Micropalaeontology and Stratigraphy

This short, mostly poorly fossiliferous interval, which is exclusively
compoéed of agglutinating foraminifera, ié assigned a questionable Eocene

age on account of the appearance of Cyclammina cf. challinori.

Environment
The same environment (outer sublittoral to b'athyal) to that of the lower
part of the Oligocene is postulated for this interval on account of the similarity

of the microfaunas.

INTERVAL 4400' -~ 4500'; Eocene

General Lithology

Soft shale and clay are again dominant,but in this interval they contain soft
pellets of Qllamosife and subordinate siderite. There is, in addition, a small

amount of iron-stained light grey limestone.

‘Micropalaeontology and Stratigraphy

A definite Eocene age is assigned to this interval with the appearance

at the top of Cyclammina challinori.

-10 -



Environment
The presence of an exclusively deep water agglutinating foraminiferal
assemblage suggests an outer sublittoral - bathyal environment of deposition

for this interval.

INTERVAL 4520' - 5420'; Lower Eocene - Palaeocene

General Lithology

Clay and soft shale remain dominant throughout this interval. They are
usually greyish brown or greyish green in colour, occasionally bright green
while bétween 4580' and about 5000' are often yellowish green. In the
uppermost 200’ these ére associated with pyrite and siderite of whiéh the

latter may be in the form of sphaerosiderite.

Micropalaeontology and Stratigraphy

This richly fossiliferous interval, which is again dominated by
agglutinating foraminifera, is assigned a Lower Eocene - Palaeocene age
on account of the appearance at the top of large flattened radiolaria. The

subsequent occurrence of Cyclammina sp. 1, Spiroplectammina spectabilis

and Verneuilina subeocaena substantiates this age. Eocene forms, which

‘appear for the first time in this interval, include Cibicides proprius,

Globigerina linaperta, Anomalina grosserugosa and Angulogerina abbreviata.

Radiolaria occur in flood abundance at 5140°.

Environment

.On account of the presence of a deep water agglutinating foraminiferal

-11 -



assemblage and abundant radiolaria an open marine, outer sublittoral
environment is postulated for this interval. Slight shallowing may possibly
have occurred near the base as indicated by the appearance of a number of

calcareous benthonic foraminifera.

INTERVAL 5440' - 6100'; Palaecocene

Ge'neral Lithology

Initially soft shale is the main lithotype. This is green, blue;grey,
dark brown or rarely red;brown. It tends to become increasingly mottled
down the section and grades into tuffaceous shales and tuffs until between
about 5600' and 5760' tuffaceous and volcanic rocks become relatively common.
Besides tuffaceous shales, there are speckled black and white, highly
calcareous tuffs and fine agglomeratés and a few fragments of possible
altereé basalt. Hard, dark grey-brown limestone and pyrite afe associated
with.the tuffaceous deposits.

In the bottom section below about 5860' the sediments become
arenaceous with the occurrence of fine to coarse, angﬂar to subrounded

sand.

'Miqropalaeontology and Stratigraphy

This interval may be subdivided into 3 units using the microfaunas
present,

‘The upper unit, from the top down to 5640', contains a very poor

foraminiferal assemblage but includes the Palaeocene marker fossils,

- 12 -
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Globigerina triloculinoides, Coscinodiscus sp. 1 and Coscinodiscus sp. 2.

The middle unit, 5660' - 5980', is composed of a rich, agglutirating

foraminiferal assemblage which includes Cyclammina sp. A and Trochammina

sp.. A, with gréen;staining being noted at the top of this unit.,

The lower unit, 6000' to the base, contains an agélutinating forandiniferal
#ssemblage with a solitary reworked Upper Cretaceous foraminifera,

Tuffs and tuffaceous shales occur within this‘ interval and are further
evidence fof a Palaeocene age.

The Danjan is assumed to be missing since neither chalk nor Danian

planktonic foraminifera are found.

Environment

On account of the predominance of deep water agglutinating foraminifera
an outer sublittoral -~ bathyal environment is suggested for this interval. Good
oceanic connections are postulated for the upper unit where radiolaria,
and planktonic foraminifera occur. The proximity of this area to

volcanic activity is indicated by the occurrence of tuffs and tuffaceous shales.

-13 -



CRETACEQUS

INTERVAL 6120' - 6380'; Maastrichtian, Upper Cretaceous

General Lithology

Soft, light grey shale is present throughout most of this interval. In
the top sample small amounts of milky coloured calcite also occur while just
beiow this there are traces of light grey limestone some of which contain
abundant microfossils. In the bottom 100' white to light grey chalk is also
present in small amounts and pyrite becomes relatively common.l Throughout

the interval there is considerable caving.

Micropalaeontology and Stratigraphy

The top of the Cretaceous is marked by a significant influx of planktonic

foraminifera which includes such diagnostic species as Pseudotextularia

elegans elegans, P. elegans fructicosa and Globotruncana contusa. These

taxa indicate that sediments of Late Maastrichtian age are present. The
Maastrichtian determination is supported by the appearance of Bolivina

incrassata gigantea and Rugoglobigerina spp. at 6160' as well as the subsequent

occurrence of Globotruncana arca, G. stuarti, Osangularia lens, Abathomphalus

mayaroensis and Reussella szajnochae elongata.

Environment

The high percentage of planktonic foraminifera in the good to moderate

-14 -



microfaunas recovered from these deposits indicates that deposition occurred
in an outer sublittoral to bathyal environment with strong open marine

influence.

INTERVAL 6400' - 6620'; Lower Maastrichtian, Upper Cretaceous

General Lithology

Soft, light grey shale occurs almost exclusively here. The only

exception is a little light grey, calcareous siltstone at 6440°.

Micropalaeontology and Stratisraphy

The general microfauna of this interval is similar to that of the

Maastrichtian. There is, however, an increase in the numbers and size

of the specimens of Rugoglobigerina spp. which suggest a Lower Maastrichtian
age.

The assemblages recovered from this unit are initially good to
moderate in numbers but there is a general reduction towards the base although
an increase in the percentage of agglutinating forms. At 6580' there is an

influx of small planktonic species such as Globigerinelloides asper and

Heterohelix spp.

- Environment

An outer sublittoral to bathyal environment is again indicated by the
high percentage of planktonic foraminifera present. The increase in
agglutinating foraminifera towards the base suggests that conditions were

slightly more restricted in the earlier part of the unit.

-15 -
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INTERVAL 6640' - 7940'; Campanian, Upper Cretaceous

General Lithology

From the top of this interval to 7380' the rocks pre:sent are mainly
soft, light grey and greenish grey. shales. At 7000', however, there are.
traces of red—iorown shales accompanied by some buff to brown, finely
crystalline, granular or silty, dolomite and siderite which also occurs
sporadically below this depth. It probably occurs as nddules or thin beds
within the dominantly shale sequence. |

From 7400' to the base of the interval the deposits are notably
arenaceous. Light grey, friable siltstones which are sometimes calcareous
and slightly glaucopi_tic are relatively abundant but fine, clear sand also

occurs. Light grey shales continue through this section and probably form

an interbedded sequence with the siltstones. It must be noted, however, that

many of the samples in this lower section are poor making it difficult to draw

positive conclusions from the lithology.

Micropalaeontology and Stratigraphy

Poor to very poor microfaunas consisting essentially of long-ranging
agglutinating foraminifera or caved Tertiary species characterise this interval.
Very few diagnostic forms occur in these deposits and it is only on the occurrence

of a solitary specimen of Globotruncana sp. 1 that a Campanian age has been

assigned to it. It has not been possible, as in other wells, to subdivide this
unit although the appearance of brown-stained agglutinating forms at 6920’ or
of minor amounts of red shale at 7000' may mark the Upper - Lower Campanian

boundary.

-16 -



Environment

The predominance of deep water agglutinating foraminifera indicates
that restricted outer sublittoral to bathyal conditions prevailed throughout

this section.

INTERVAL 7960' - 8140'; Santonian, Upper Cretaceous

General Lithology

Grey shale and siltstone, like that occurring in the interval above, is
present here'but,in this interval other lithotypes ére developed. Most noiable
is the presence of fine to coarse, clear sand which occurs at 8020' and below.
Small amounts of yellowish brown and green shale are also presént at, énd
below, 8060'. At 8100' there is a thin bed of light grey, moderately hard,
micritic limestone while at the base of the interval, at 8140', there is an

occurrence of a similar but lighter coloured limestone.

Micropalacontology and Stratigraphy

The assemblages" recovered from this interval are essentially similar

to those of the Campanian. The incoming of presumed in situ radiolaria,

which become green-stained at 8060', and of Globotruncana marginata and

G. linneiana tricarinata suggests that Santonian sediments are present.

No evidence to suggest the presence of older Upper Cretaceous or Lower
Cretaceous sediments has been found and the Santonian therefore rests

unconformably on rocks of Kimmeridgian age.

- 17 -



Environment
‘The similérity of the microfauna to that of the Campanijan indicates a
i similar outer sublittoral to bathyal environment. The presence of radiolaria

and planktonic foraminifera suggests some oceanic influence.
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JURASSIC

INTERVAL 8160'; Kimmeridgian, Upper Juraséic

General Lithology

In the one sample representing this interval, the in situ lithology is

considered fo be very dark brown shale with lignite and bone fragments.

Micropalaeontology, Palynology and Stratigraphy

No in situ Upper Jurassic foraminifera have been recovered from this

unit. The occurrence as presumed caved forms of Haplophragmoides cf. canui

and H. aff. infracalloviensis does suggest the presence of Upper Jurassic

sedimentsand this is supported by the black shale lithology.

A single specimen of Sirmiodinium grossi was recorded from this

interval. If in situ, this species suggests that sediments no older than late

Kimmeridgian in age have been encountered.

Environment

An inner sublittoral environment is suggested for this interval.

INTERVAL 8160' - 8200'; Middle Jurassic

General Lithology

This interval is characterised by a relative abundance of sand with soft
shale. The sand is poorly sorted, fine to coarse, colourless, subangular to

subrounded and at 8200' is associated with pyrite.

-19 ~



Micropalaeontology, Palynology and Stratigraphy -
"No in situ microfossils have been recorded from these deposits.
The palynofloras recorded from this interval include Pareodinia

ceratophora, Chytroeisphaeridia spp., Lycdpodiumsporites semimurus and

common Cerebropollenites mesozoicus. This association is consistent with

an undifferentiated Middle Jurassic age determination.

Environment
From the lithology and regional considerations a probable deltaic

environment is suggested for this interval.

INTERVAL 8250' ~ 8330'; Toarcian, Lower Jufassic

General Lithology

| Soft, medium to light grey shale with subordinate very fine sand and
. silt occurs in the section above éSOO'. At 8310' there is a marked increase
in sand ranging from very fine to very coarse with some granules of which
the latter are sometimes rounded. This is associated with abundant ironstone
in the form of siderite and chamosite ooliths. There is a fall off of sand and

ironstone at 8330' and a consequent increase in soft grey shale.

Micropalaeontology, Palynology and Stratigraphy

The occurrence of Toarcian sediments is indicated by the influx of

small agglutinating foraminifera at 8250' which include such species as

Verneuilinoides mauritii and Trochammina cf. gryci. The assemblages are
moderate in numbers at the top of the interval but at the base, below 8310'

they become impoverished.

- 20 -



Nannoceratopsis gracilis occurs in abundance in this interval, where

its association with Concentrisporites pseudosulcatus is consistent with a

Toarcian age determination. The occurrence of Callialasporites dampieri

~at 8270' is indicative of an age not older than late Toarcian at that depth.

Environment

The presence of a microfauna dominated by small agglutinating
foraminifera suggests ‘thé.t deposition occurred in an inner sublittoral
environment. The occurrence of ironstone also suggests that a fairly shallow

marine environment prevailed.

Plitis .

INTERVAL 8350' - 8630'; Domerian, Lower Jurassic

General Lithology

Soft, medium to dark gfey shale with minor sand and silt occurs at
the top of this interval but soon passes down into a more sandy section in
which very fine to fine, loose sand and silt occurs with moderately hgrd,
light grey, calcareous sandstone and some pyrite. Soft, grey shale becomes
dominant at 8440' and remains so to the base of the interval although fine sand

and silt is still present. In addition, the bottom 80' is notably pyritic.

Micropalaeontology, Palynology and Stratigraphy

The record of the microplankton Mancodinium semitabulatum at 8350’

is considered to mark the top of the Domerian. The associated palynoflora,

which includes Corrugatisporites anagrammensis, Cerebropollenites

thiergartii, Chasmatosporites apertus and C. hians is consistent with this

determination.

- 21 -



The microfaunas recovered from this unit are poor to very poor.
Initially only agglutinating forms occur but from 8390' rare calcareous
benthonic foraminifera and ostracodes appear. The appearance of such

ostracodes as Hungarella cf. amalthei, H. etaulensis and H. contractula

~supports the Domerian (Upper Pliensbachian) age assigned on the basis of

the microflora.

Environment

The poor to very poor microfaunas are again dominated by agglutinating
foraminifera and in conjunction with the lithology would suggest an inner
sublittoral environment. The occurrence of some calcareous benthonic forms

suggests that more open marine conditions than in the Toarcian prevailed.

INTERVAL 8650' - 8810'; Carixian - Upper Sinemurian, Lower Jurassic

General Lithology

_ From the ditch cuttings at 8650', the top of this interval includes a
sand body composed of fine to very coarse, poorly sorted, predominantly
subrounded sand. Chamosite and calcareous ooliths also occur. In the
core, ‘which is just below this (from 8653' to 8694') moderately hard, dérk
grey, micaceous shale passes into a thin oolitic limestone :imd then back into
micaceous shale. In the section below the core dark grey shale remains

dominant but subordinate fine sand, silt and dolomite also occur.

Micropalaeontology, Palynology and Stratigraphy

~ At 8650' and in the succeeding core samples calcareous benthonic

- 292 -
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foraminifera and ostracodes occur more commonly. The presence of common

specimens of Lenticulina varians and the appearance of Dentalina matutina,

Planularia ornata and Nodosaria cf. hortensis in association with the ostracodes

Krausella lanceolata and Healdia mouhersensis indicates that sediments of
Carixian (Lower Pliensbachian) - Upper Sinemurian age have been penetrated.
The occurrence of abundant grey, calcareous ooliths in the samples gives

support to this determination. The appearance of ? Otocythere cf. lepidus,

however, may suggest that Sinemurian rocks occur since this form has only
previously been recorded from the Sinemurian.

Palynomoxjph assemblages of Carixian - Sinemurian age are recorded
from the core interval 8653' - 8694'. The age of the strata is determined
largely by the absence of key Rhaetian - Hett;Lngian and Domerian (Upper
Pliensbachian) index species. The ditch cuttingé samples examined from
directly beneath the core interval have produced somewhat diluted palynomorph
assemblage of Carixian - Sinemurian age intermixed with abundances of
caved Tertiary dinoﬂagellates.

_ In addition to the stratigraphically long-ranging miospores of Jurassic
aspect, acanthomorph, netromorph, herkomorph, and polygonomorph
acritarchs are recofded from the core interval in association with rare

Dinophyceae (Dinoflagellata), Chlorophyceae and Botryococcus type algae.

Some reworking of Permo-Triassic palynosediments is inferred from the
presence of specimens assignable to the species Weylandites sp. and

Protosacculina macrosacca.
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The occurrence of the dinoflagellates Horolonginella sp. (cf. Plankton 1

$CHULZ & MAI in DOring et al. 1966)and Polysphaeridium ?langi and the

miospore Taeniaesporites cf. rhaeticus at and below 8678.5' may suggest

a Sinemurian age for the lower part of the core interval.

Environment

The influx of calcareous benthonic forms and ostracodes in this
interval suggests that conditions were somewhat deeper than in the overlying
Lower Jurassic section and so general sublitto}ral conditions of aeposition

are indicated.

| o
INTERVAL 8830 - 9100'; Sinemurian, Lower Jurassic St $85©

e soe

General Lithology

This interval is characterised by an abundance of coarse sand. Soft
shale with minor sand appears to be present at the top of the interval but from
8870' to 9040' sand is dominant. This ranges in size from very fine sand to
granules although sand of coarse-grained size and above is most common. It
| is white and angular and sometimes kaolinitic. Light to medium brown and
grey-green shales are common in some of the samples suggesting that fhere
is some interbedding of shales. It is likely, hoWever, that many of them are
caved. Shales do appear to increase substantially ;between 9050' and 9080',
however, where some ironstaining and the occurrence of sphaerosiderite

is noted.
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Micropalaeontology, Palynology and Stratigraphy

‘Only presumed caved microfossils occur in this unit and the incoming
of coarse sands is taken as the top of the interval.

Diluted palynomorph assemblages of Carixian' - Sinemurian age are
recorded over this interval. The base of the Sinemurian stage is

provisionally placed below the final appearance of Cerebropollenites

mesozoicus in abundance in the samples. (Somewhat poorly preserved single

specimens duestionably assigned to C. mesozoicus are recorded at the lower

horizons 9120' and 9250'-9360").

Environment

Generally the lithology suggesfs a very shallow water, marginal

marine or fluviatile type of environment.

LtFAU?

INTERVAL 9120' - 9380'; ?Hettangian, Lower Jurassic

General Lithology

Sand like that occurring in the interval above is present here with the
addition of some light grey, fine sandstone and siltstone in the uppermost
part and also some red sand grains and pink feldspars. Interbedded shales
and sandy shales are also present. These are grey, light green and rarely

red.

Micropalaeontology, Palynology and Stratigraphy

The ditch cuttings samples examined beneath the core interval to a

depth of 9590' are heavily contaminated with Tertiary dinoflagellate cyst taxa.
OIS
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The base of the Hettangian is defined on lithological rather than
palynological criteria. In situ palynomorphs are poorly represented over
this interval. The extent of the Hettangian is tentatively determined by
the absence of specimens clearly assignable to the miospore species

Cerebronollenites mesozoicus.

No in situ microfossils have been recorded from these sediments.

Environment
Deposition of the Hettangian in a non-marine environment is
suggested by the absence of in situ microplankton. Supra-littoral, near-shore,

fluvio-lacustrine conditions may have prevailed and influenced the deposition

of these sediments.
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TRIASSIC

282
INTERVAL 9390' - 11810'; ?Rhaetian ~ ?Carnian, Upper Triassic

General Lithology

This interval consists .m;stinly of soft red shales with inferbeds of fine
sandstones and siltstones and subordinate coarse sand and limestone.

Initi.allj the lithology is similar to that occurring in the ?Hettangian
with poorly sorted, white, occasionally kaolinitic sands being interbedded
with variable green, red and brown shales all of which are often silty and
séndy. The difference betweeﬁ this section and the ?Hettangian section is
that more red shales are present and these tend to increase downwards as
the sandé decrease.

Just below the casing point from 9600' tq about 9800' there is an
interbedded sequence of .shales, sands and limestones. At 9630' the limestone
is white and chalky or occasionally pink, at 9670' it is harder, grey—broﬁ
and crystalline,while at around 9710' - 9730 it is yellow-brown. All are
interbedded with red, gfey, light green, yeilow sometimes silty, micaceous
and sandy shales and very fine sands.

From 9800' to about 10360' soft, red shales become dominant but there
are interbeds of other shales, particularly light green shales and also véry
fine to fine, white and orange sand and silt.

At 10380' and just below, some sand occurs in a soft, white, calcareous

clay matrix. Light grey shale and white limestone also occur in trace amounts.
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Red shale’and interbedded sands remain dominant., If the sidewall cores are
typical then the sands in the ditch cuttings are derived from light grey very
friable, very silty sandstones. |

At %;{240' and just below, medium to dark grey shale is fairly common
while between about 11360' and 11540' soft, white calcareous clay is often
present and is possibly derived from the matrix of sandstones. Some of the
sandstones over this section are often coarser grained, poorly sorted and
feldspathic.

The bottom 250' consists of red, silty shales, siltstones and light

green shales with very fine, white and orange sand.

Palynology and Stratigraphy

Palyniferous samples are not recorded over this interval. The
samples examined are either barren or contain caved Tertiary dinoflagellates
or winnowed black wood fragments (inertinite). The marked absence of any in
somewhat striking. A caved Hef_;t_angiah - late Rhaetian microflora containing

the index species Cingulizonates rhaeticus and Kraeuselisporites reissingeri

is recorded from black shale lithologies examined over the underlying interval
12420' - 12710",
Environment

The existence of caved Hettangian - late Rhaetian black shales does
suggest that more fluviatile, possibly restricted marine conditions may have

prevailed within or above a sequence of early Jurassic - late Triassic strata of

predominantly continental aspect.
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INTERVAL 11820' - 14280'; Carnian - ?Ladinian, Upper - ? Middle Triassic

General Lithology -

A number of lithological sections can be distinguishéd in this interval.
Tl;e uppermost‘, from' 11880' to 12240', consists mainly of fairly soft, _1;§_d__
shale and silty shale with subordinate light green shale, fine sand and
siltstone. White, calcareous shale also occurs and may be a cémenting
material to the sand.

Between 12250' and about 12500, although red shales still appear to
be dominant medium to dark grey shales also become common. In addition,
white and light grey, very fine sandstones, calcareous siltstones and grey
limestones are also locally abundant with minor intercalations of ye-llow
shale.

Grey shales tend to be more common in the section from 12500' to
12800' but are lighter coloured than in the section above. Traces of carbonaceous,
grey siltstone were noted and between 12700' and 12750' there are small amounts
of pink and white, finely crystalline limestone.

" Between 12800' and about 13060 red shales are again dominant but
interbedding of grey shales, fine sandstones and siltstones still occurs.

From 13060' to 13500' there is an increase in arenaceous deposits.
Red-brown, white and light to medium grey, very fine silty sandstones and
siltstones become common. These are frequently calcareous and are
associated with some grey limestone.

Between 13500' and 14000' light red and orange, very fine sand and silt
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beéome very abundant. Interbeds of red shale and silty shale are stilll
common however.

In the section below 14000 the sand and sﬂt continues to be dominant
but is oftén more strongly cemented with a calcareous cement. The

red shale which is also present tends to be calcareous too and often has

white, anhydrite streaks.

Palynology and Stratigraphy

In situ microplankton are noticeably absent from tsamples of this
interval. The miospore assemblages recorded sﬁggests a Carnian - ?Ladinian
age for the strata. A gradual transition from a dominantly Carnian toa
Ladinian microflora is recognised.

303 . 4I1v¢9

The interval 11820' - 13610' is characterised mainly by a Carnian

microflora represented by the appearance and association of Ovalipollis

ovalis, O. grebeae, O. notabilis, ?Vallasporites ignacii, Paracirculina

_scurrilis, "Lueckisporites' cf. junior, Patinasporites cf. densus and Y

Enzonalasporites obligquus.

yiy9 S
Below 13610' the Carnian microflora is recorded in association with a

more typically Ladinian microflora represented by the appearance and

.association of Protodiploxypinus sittleri, Triadispora crassa, ?Praecirculina

granifer, Schizosaccus keuperi, Foveolatitriletes potoniei and Nevesisporites

Jimatulus.

Environment
The presence of terrestrial and the absence of marine palynosediments

within this interval suggests that supra-littoral,fluvio-lacustrine environments
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existed for at least part of the time, proably mainly during the deposition of
grey shales in the middle of the interval. The predominance of red shales
and sands, however, suggests that continental conditions prevailed for most

of the interval.
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Depth

10903’

- 11054'

11069’

11079’

11099

11166’

11190°'

11196

11276’

11280'

11282'

APPENDIX

. Sidewall core and Core descriptions

. Sidewall
Core No.

51

50

49

48

46

45

44

30

43

42

29

Description

SANDSTONE. Very friable, light grey, very
fine-grained, silty and micaceous. Moderate
porosity.

SILTY SANDSTONE. As SWC 51 but siltier.

SHALE. Soft, dark brownish red, fairly silty

and micaceous.

SILTY SANDSTONE. Friable, light greyish
green, very fine-grained and very silty,
moderately micaceous. Moderate porcsity.

SILTY SANDSTONE. As SWC 48.

CALCAREOQUS, SANDY SILTSTONE. Friable,
cream, composed of silt with very fine sand,
soft,white, calcareous matrix, slightly
mijcaceous, moderate to poor porosity.

SILTY, ARGILLACEQUS, CALCAREOUS
SANDSTONE. Soft and friable,brownish red,

- composed of silt to very fine sand with mica

in a calcareous, argillaceous matrix. Poor
porosity.

CALCAREOUS SHALE. Moderately soft, medium
brownish red, moderately calcareous, shghtly
silty and micaceous.

SANDSTONE. Friable, light brownish grey,
very fine~grained and silty. Moderate porosity.

SILTY SANDSTONE. Friable, light grey, very
fine-grained and very silty, micaceous. Moderate
porosity.

SANDSTONE. Friable, medium brown-grey, very
fine-grained, slightly micaceous. Good porosity.
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Depth

11451

11690

11848

11890'

11985'

12343

12378

12489'

13292

13300’

13304'
13308’

13382!

Sidewall

Core No.

13

34

33

32

31

22

21

20

Description

SHALE. Moderately soft, dark red w1fn yellow
mottling, slightly silty and sandy.

SILTSTONE. Moderately friable, 11ght grey,
moderate porosity.

CALCAREOUS SILTSTONE. Moderately friable,
light grey to white, moderately calcarecus, '

poor to moderate porosity.

ARGILLACEQUS SILTSTONE. Moderately
friable, dark brown-red, slightly micaceous,
very argillaceous, slightly calcareous. Poor
porosity.

SHALE. Moderately soft, brownish red, slightly
calcareous, slightly micaceous.

CALCAREOQUS SHALE AND SILTSTONE. Soft
and friable, light grey, micaceous, moderately
calcareous shale and sﬂtstone,'

SILTY LIMESTONE/CALCAREOUS SILTSTONE.
Moderately hard, light to medium grey, composed
of silt with abundant calcareous cement.

ARGILLACEQUS SILTSTONE. Very soft and
friable, dark red-brown, composed of silt with

- very fine sand, mica and abundant argillaceous

material.

SILTY SANDSTONE. Very friable, dark red-
brown, moderately sorted, very fine-grained,

~ moderately silty and slightly argillaceous.

Moderate porosity.

SILTY SANDSTONE, As SWC 8 but lighter in
colour.

SILTY SANDSTONE. As SWC 6 but siltier.

SILTY SANDSTONE. As SWC 8.

SANDSTONE. Very friable, brownish red, very
fine to fine-grained, slightly silty, moderate
porosity.



Depth

11286’

11290’

11294!

11416’

11425!

11432

11434

11443"

11447

11447

11451

Sidewall

Description

_ Core No.

41

28

40

39

38

14

37
36

12

26

25

CALCAREOQUS SANDY SILTSTONE. - Very
friable, light grey, composed of silt and very
fine sand with abundant parallel orientated mica
in soft,calcareous matrix. Moderate porosity.

SHALE. Moderately soft, broWn—red, slightly
silty and micaceous.

" SILTY SANDSTONE. Friable, medium reddish

grey, very fine-grained, silty and fairly
micaceous. Poor to moderate porosity.

CALCAREOUS SHALE. Moderately soft, dark
red, slightly calcareous, slightly silty and
micaeeous.

SANDSTONE. Friable, creamy buff, composed
of very fine to medium, angular to subrounded,
mainly colourless but also green and orange
quartz and feldspar with silt and mica. Poor to
moderate porosity.

SANDSTONE. Moderately friable, speckled
cream, green and orange, poorly sorted, very

fine to coarse, angular to subrounded, colourless, .

green and orange quartz and feldspar with some
silt. Moderate porosity.

SANDSTONE. As SWC 38 but light greenish in
colour.

SANDSTONE. As SWC 14 but with some Very
coarse sand and granules.

SANDSTONE. Friable, green, quite pooriy
sorted, very fine to medium sand and silt,
moderate porosity.

SANDSTONE. Friable, light greenish cream,
composed of poorly sorted, very fine to very
coarse, quartz and feldspar with abundant silt.

“"Moderate porosity.

SANDSTONE. As SWC 286.
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" Core Depth

8653' - 8659'
8659 - 8660’

8660 - 86621

8662%' - 8690"

Description

Moderately hard, dark grey, fairly micaceous shale
becoming waxy towards the bottom. :

Shale as above but with scattered poorly sorted,
angular-sand, pyrite, shells and shell fragments.

Laminated dark grey to black,waxy shale and medium

to dark grey, oolitic limestone grading. into hard,
massive, fairly coarsely c_Ij_ystalline, oolitic limestone.

Hard, dark grey, micaceous shale with some shell
fragments.
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JMiospores

ROBERTSON RESEARCH INTERNATIONAL LTD.

BIOSTRATIGRAPHICAL ANALYSIS CHART

DATE CHART No. H
10000 - 11000

18, 9. 71
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Norwegian North Sea 5312-2 well
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