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INTRODUCTTON.

This report presents the results of the stratigraphical and
paleontological study of savples from Well 34/10-3, drilled
by Statoil in the North Sea (Norwegian offshore) during 1979.

. The information presented is based on the analysis of ditch

samples collected at 10m intervals between 310m and 1700m,
and 3m intervals between 1700m and 2802m (T.D.) 83 sidewall
cores were analysed between 1820m and 2788.5m, and samples

fram cores 1-9.

Palynological analyses have been undertaken on 34 ditch samples,
31 sidewall cores and 23 core samples over the interval 1875m—
2802m.

A 1:2000 study is presented for the interval with
a stratigraphic log at this scale for the camplete well (Encl.l).

- At the request of Statoil {(Mr. E. Lie) the 1:500 study was

undertaken from 1727-2802m (T.D.) rather than 1800-2802m (T.D.)
as originally requested (Encl.2).

 Interval tops are taken at sample depths although petroghysical *

logs were provided by Statoil.
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2. CONCLUSIONS.

1. The highest sample received (310m) is Pleistocene in age.
The Pleistocene camprises sandy clays with fragments of .
ignecus and metamorphic rocks (310-370m) and was deposited -
in a marine inner sublittoral envirorment.

2. The Tertiary section (370-1745m), consists of clays, sandy
clays and sands ranging in age from Pliccene to Paleccene.
They were deposited in marine sublittoral to bathyal environ-
ments in which sands were periodically deposited by turbidity
currents or mass-flow. Tuffacecus claystones were encountered
(3 at 1580-1640m. These are a prominent lithological marker in
the North Sea and are of Farly Eocene to Paleocene age.

3. There is a marked stratigraphical hiatus between the Pliocene
and Oligocene at 890m; the paleontological evidence suggests
that rocks of Early Pliocene, Miocene and topmost Oligocene
age are missing.

4, The Late Cretacecus section (1745-1886m) is represented by a
thin sequence of claystones and occasional limestones of
Maastrichtian-Campanian age. These are consistently the two
most geographically widespread Cretaceous stages within the
North Sea Basin. Deposition was in a marine, cuter sublittoral

(o to bathyal, environment.

5. A praminent stratigraphical break exists at 1886m, between
Late Cretaceous (Campanian) and Early Cretaceocus (Early
Albian - Aptian) sediments. '

6. A very thin Early Cretaceous (1886m—1892m) sequence of pre-
daninantly red claystones is dated as Early Albian - Aptian,
and was deposited in a marine cuter sublittoral to bathyal
enviroment.
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The Early Cretaceous section rvests unconformably on Middle
Jurassic rocks at 1892m. Rocks of Late and late Middle
Jurassic age, belonging to the Kimmeridge Clay, Heather
Formation and topmost Brent Unit are missing.

The Middle Jurassic Brent Unit (1892-2095m) is represented
by rocks deposited in deltaic and shallow marine environ-
ments and dated by palynamorphs as earliest Bathonian to
Early Bajocian.

There are four lithological and sedimentological divisions -
in this sequence: a cyclic sequence of sandstones, claystones
and coals (1892-1982m), the Ness Sub-unit, two seqguences of -
mainly fine-medium sands (1982-2084m), the Etive and Rannoch
Sub~-units and a basal transgressive fine to ccarse sand
(2084-2095m} , the Broam Sub-unit.

Below the Middle Jurassic sands there is a thick sequence
of claystones, sandstones and limestones (2095m-2496m), the

- Dunlin Unit, ranging in age from Aalenian or Toarcian to

Sinemirian. There is a praminent lignitic sand which cannot

be accurately dated but may be the regressive top Pliensbachian

or transgressive basal Toarcian. There appear to be no breaks
within this sequence, the age of the transgressive sands at

the base (2486m-2496m), may be Sinemurian or earliest Pliensbachian.

Although paleontological evidence is not conclusive, it suggests
there may be a stratigraphical break at 2496m within the
Sinemurian, between the Dunlin Unit and the poorly sorted sands
of the Statfjord Formation below.

The lower part of the Early Jurassic section (2496m—2660m) is
represented by a sequence of sands, overlying sands and clay-
stones at 2569m. Palynological evidence suggests that this
interval is Sinemirian to Hettangian in age.
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Palynological evidence suggests that the top Triassic is at
2660m,and that the sequence below to 2802m (T.D.) is of
Rhaetian age. The rodks present camprise the lower part of
the Statfjord Formation and the Cormorant Formation. The
junction between them may be either at the highest occurrence
of purple shales at 2676m or of red claystones at 2715m.
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3.  STRATIGRAPHICAL SUMMARY.
Interval Age Thidmess
310 - 370m Pleistocene 60m
370 - 890m Pliocene 520m
Unconformity '
890 -1000m Oligocene 110m
1000 ~1110m ?Eocene 110m
1110 ~1580m  Eocene 470m
1580 -1640m Early Eocene ~ Paleocene 60m
1640 -=1745m Paleocene 105m
1745 ~1772m  Late Cretaceous, Late Maastrichtian 27m
1772 ~1886m " . Maastrichtian - Campanian 114m
Unconformity
1886 ~1892m Early Cretaceous, Early Albian - Aptian 6m
Unconformity
1892 -2075m Middle Jurassic, Earliest Bathonian - Bajocian 183m
2075 -2095m " Early Bajocian (Aalenian) 20m
2095 -2147m ?Middle-Early Jurassic, ?Early Bajocian
(Aalenian) - Toarcian ~ 52m
2147 -2198m Early Jurassic, Early Toarcian 51im
2198 -2216m " . Early Toarcian/ :
Late Plienshachian 18m
2216 -2240m " " ?Late Pliensbachian 24m
2240 -2411m " " Late Pliensbachian 171m
2411 -2450m " " Early Pliensbachian 39m
2450 -2496m " " Early Pliensbachian-Sinemurian 46m
? ? Unconformity - 2 ?
2496 -2660m Early Jurassic, Sinemurian - Hettangian 164m
2660 -2802m Iate Triassic, Rhastian 142m
T.D.
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Lithogtratigraphical Summary

{based on Deegan & Scull 1377)

Interval Lithostratigraphy Age Thickness
1745 - 1886ém Shetland Group . Late Cretacecus 141m
Unconformity
1886 — 1892m  Cramer Knoll Group Early Cretaceocus 6ém
Unconformity
1892 - 2095m Brent Unit Middle Jurassic 203m
1892-1982m Ness Sub-unit
1982-2084m Etive-Rannoch Sub-unit Middle Jurassic
2084-2095m Broam Sub-unit
2095 - 2496m Dunlin Unit ?Middle-Early Jurassic 401m
A ? ? Unconformity ? ?
2496 - 2802m Statfjord—-Cormorant Early Jurassic © 306m
T.D. Formations. - Late Triassic.

N.B. The above data is based on information fram cuttings,
cores and sidewall cores analysed by Paleoservices Litd.,
and not the petrophysical logs of Statoil.
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4.1

STRATTGRAPHY,

This discussion supplements the information presented on the
stratigraphic logs (Enclosures 1-2}. The lithology and biota
are described and the age and depositional environments
interpreted. An attempt has been made to assign the litho-
stratigraphical divisions of the Mesozoic to those of Deegan
and Scull (1977).

310m - 370m PLEISTOCENE

- Lithology:

Sandy clay, grey, with fine to coarse sand grains, and
gravel-size fragments of igneous and metamorphic rocks.
Reworked glauconite is common.

Biostratigraghy:

A diverse microfauna includes. the benthic foraminiferids
Cassidulina laevigata, Nonion labradoricum ("bouearmm"),
Elphidium spp., and Elphidiella arctica. The planktic
foraminiferid Globigerina pachyderma is albundant at the
top of the interval. Bivalve debris, echinoderm debris
and ostracods are also camuon.

This interval is assigned to the Pleistocene because of
its position above the highest occurrence of Cibicides
lobatulus grossa. The presence of Elphidiella arctica
near the base of the interval supports correlation with
the Early Pleistocene (Icenian) or older beds.

‘Environment:

Marine, inner sublittoral. The poorly~sorted sand and
gravel content is probably glacial debris.
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4.2  370m - 890m PLICCENE

Lithology:
Sandy and silty clay, grey, very poorly sorted, with fine
to very coarse grains of quartz, quartzite, schist and other
rock types. Pyrite occurs throughout and glauconite is
abundant at 550m.

Biostratigraphy:

A diverse microfauna is present, except in the interval

fram 680-790m, where fossils are rare. The foraminiferid

N _ fama includes most of the species occurring in the Pleistocene,
.,_;’ together with Cibicides lobatulus grossa, Sigmoilina schlumbergeri,
| Cibicides pseudoungeriamis and Cassidulina pliocarinata. The
planktics Globigerina pachyderma, G. bulloides and Globorotalia
gr. inflata are camon below 790m.

Molluscs (bivalves, gastropods and scaphopods) occur through-
out, and are particularly camwon in shell-rich beds at 370~
380m and 550-560m, associated with bryozoa.

The top Pliocene is placed at the highest occurrence of
Cibicides lobatulus grossa, to conform with standard practice
in the central and southem North Sea Basin, but the beds down
to about 630m still contain fossils which are more typically
o Early Pleistocene (Elphidiella arctica and the bivalve Acila
i.- ) o cobboldiae) and are apparently in place and it is possible
that the boundary should be placed at a lower level. No Early
Pliocene or Miocene fossils have been seen, and the Late
Pliocene prabably rests unconformably on the Oligocene.

Environment:

Marine, inner sublittoral, the sand and gravel is probably
largely glacial debris.
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4.3

4.4

890m - 1,000m OLIGCCENE

Lithology:
Claystone, soft, light brown, occasionally micaceous.
bundant glauconite is present at the top of the interval
{890-920m) and at 890m is a hard, highly glauccnitic sand-

stone.

Biostratigraphy:

Abundant sponge spicules include the distinctive form
Geodia sp. Minute siliceous diatans are often abundant.
The diagnostic Late - Middle Oligocene species Diatam
sp.3 {(internal species) occurs at 930m.

Foraminiferids are scarce, but at 930m Angulogerina
gracilis occurs, associated with Nonion granosum and
Turrilina alsatica. These indicate a position near the
Middle/Late Oligocene boundary. At higher levels no dia-
gnostic fossils are present.

In neighbouring wells, beds with abumdant Geodia and
sponge spicules (corresponding to this interval) are
overlain by a level with Late Oligocene foraminiferids. X
This confirmms that the entire interval is Oligocene in age.

Environment:

Marine, sublittoral.

1,000m - 1,1110m ?ECCENE.

Lithology:
Sand, fine, medium and coarse grained, subrounded, with’
several beds of claystone, silty. '

Biostratigraphy:

No in place fossils have been seen, and there is no paleonto-
logical evidence for the age of this interval.
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Environment:

Marine, probably outer sublittoral to bathyal, as the litho—
logies are similar to those in the underlying _mterval The
sands were probably derived from a shallow shelf environment,
and subsequently emplaced in a deeper-water environment by
turbidity currents or mass-flow.

4.5 1,210m - 1,580m BOCENE.

Lithology:
1,110m-1,425m Sand, loose, fine to coarse grained, in beds-
fram 5m to 40m thick, interbedded with claystone, green and
‘brown, pyritic. Phosphatic faecal pellets and ?siderite are
present at several levels.
1,425m~1,560m Claystone grey and green, with abundant pyrite.
Traces of degraded tuff at 1,540m. A bed of white limestone at
1,550m.
1,560m-1,580m Claystone, red and grey.

Biostratigraphy:

1,110m = 1,330m Eocene (individed)

The top of the Eocene is taken at the highest occurrence of a
microfauna canprising agglutinating foraminiferids and Radiolaria.
The foraminiferids include species of Bathysiphon, Rhabdammina,
Recurvoides, Glamospira and Silicosigmoilina. Although this
fauna includes no age-diagnostic species, it is typical of

the Eocene in this part of the North Sea Basin.

1,330m - 1,490m ?Early Eocene

A similar (though more diverse) microfauna is present in this
interval, with the addition of Ammodiscus glabratus and
Cyclammina acutidorsata. The top occurrence of C. acutidorsata
is usually within the Early Eocene.
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'1,490m = 1,580m FEarly Eocene

Radiolaria became very abundant at 1,490m. This event is
widespread in the North Sea Basin, and occurs within (or

at the top of) the Early Eocene. Radiolaria continue _
abundantly to '1,550m. The agglutinating foraminiferids
continue, and below 1,540m are joined by occasional cai-
careous benthic species. The highest occurrence of the
planktic species Globigerina gr. triloculincides {(at 1,550m}
is a regional marker within the Early Eocene.

‘Brivironment :
The foraminiferid fauna indicates a marine, outer sublittoral
to bathyal environment, more probably bathyal. The sand beds
above 1,425n do not show the characteristics of shallow-water

sands and were probably emplaced by mass flow or by turbidity
currents.

4,6 ~'1,580m -'1,640m EARLY 'EOCEZ[\IE‘.'-'_‘PAI.EOCENE.
Lithology:

Claystone and tuffaceous claystone, grey and green, with
- occasicnal thin limestone beds.

‘Biostratigraphy:

. The microfauna is daminated by pyritised diatams (Coscinodiscus
spp.). The top of this interval is defined by the highest
occurrence of the distinctive species Coscinodiscus sp.l, a
regional marker, which coincides approximately with the top
of the ash series. Foraminiferids are very rare and prcbably
all caved.

Environment:

Marine, Zouter sublittoral to bathyal, with conte:@oraneous

vulcanicity.
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4.7  1,640m - 1,745m PALEOCENE.

Lithology:
1,640m-c.1,705m Claystone, fine, grey, pyritic, and limestone.

c.1,705m1,745n As above, with interbedded fine sand and
sandstone.

Biostratigraphy :

The top of this interval (1,640m) is defined by the return
of abundant agglutinating foraminiferids, characterised by
the consistent occurrence of Bolivinopsis spectabilis. Other
genera include Plectina, Trochammina, Recurvoides, Rhabdammina
and Bathysiphon.

Enviromment:

Marine, outer sublittoral - bathyal.

4.8 1,745m - 1,886m IATE CRETACEOUS, Maastrichtian - Campanian.

Lithostratigraphy:

Shetland Group

1,74&?1—-1,82&11 Claystone, grey, calcareous. The samples
through this interval are heavily contaminated by caved
Paleocene and Ecocene claystones and sands.

1,820-1,886m The ditch cuttings are heavily contaminated

by cement and caved lithologies. Fourteen sidewall cores
shot in this sequence are grey claystone with occasional
silty laminations. Thin beds of grey limestone and brawn
dolomitic limestone are present in the cuttings below 1,874m.

‘Biostratigraphy:

1,745m-1,772m Late Maastrichtian.

There are adbundant planktic and benthic foraminifers in this
interval, including the diagnostic Late Maastrichtian markers
Abathamphalus mayaroensis, Globotruncana contusa, Pseudo-
textularia elegans and Racemiguembelina fructicosa.
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1,772m - 1,886m Maastrichtian - Campanian.

Microfamma:

The top of this interval is taken at the highest occurrence
of Reussella szajnochae, which was considered in previous ;
reports to indicate the top Farly Maastrichtian regionally. |
Analysis of calcarecus nannoplankton in this area now shows
that this marker is within the Late Maastrichtian.

Sample quality is poor below 1,820m and no other regional
Maastrichtian - Campanian markers have been recognised.

The presence of Rugoglcbigerina spp. nearly to the base of
the sequence suggests that there are no rocks older than
Campanian in this interval.

Microflora:

Eight sidewall cores were analysed for calcareous nannoplankton,
but only four contained age-diagnostic assemblages, At 1,820m
and 1,829 the presence of Arkangelskiella cymbiformis without
Reinhardtites levis and N. frequens suggests a "Middle™
Maastrichtian age (A. cymbiformis zone, zone 25 of Sissingh
(1977). At 1,837m and 1,856m the presence of R. levis together
with the assemblage found in the previocus two samples indicates
an Barly Maastrichtian age (Zone 24/23B Sissingh 1977).

Ditch samples at 1,871m, 1,877m, 1,886m and a sidewall core
at 1,883m contained a dinoflagellate and pollen association
characteristic of the Campanian. Significant taxa present
include the dinoflagellates Diconodinium sp., Odontochitina
costata, Gillinia hymencphora (1,886m) and the pollen
Acquilapollenites attenuatus (1,883m) and Aguilapollenites spp.
Envircrment :
Marine, outer sublittoral - bathyal. The presence of abundant
planktic foraminifers in the upper part indicates influence
fram oceanic watermasses. The abundant and diverse assemblage
. of agglutinating foraminifers throughout also indicates "deep
water”.
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Remarks :

The boundary of the Maastrichtian and Campanian stages must
lie between 1,856m and 1,886m based on microfloral evidence.

4.9 1,886m ~ 1,892m EARLY CRETACEQUS, Early Albian - Aptian.

Lithostratigraphy:

Cramer Knoll Group

Cuttings are heavily contaminated by caved 1ithoiogies.

The top of the interval is based on sidewall cores, and

the logged lithologies are inferred fram the lithologies
in the sidewall cores.

1,886m, 1,887m and 1,890m. Claystone, red, non-calcareous,
abundant siderite.

1,888.5m Claystone, brown, "speckled", coal debris, oily.

1,891m Contaminated sample, probably claystone, grey,
non—-calcareous.

Biostratigraphy:

Microfauna:

The top four sidewall cores (1,886m, 1,887m, 1,888.5m and
1,890m) contained cammon agglutinating foraminifers including
Verneuilinoides chapmani, Reophax minuta, Recurvoides sp.,
Ammodiscus sp. and Textularia aff. foeda. This association is
typical of the Early Albian and Late Aptian in the Northemn
North Sea. The lowest sidewall core (1,891m) contained a more
diverse fauna, including the planktic Hedbergella sp. but none
of the taxa are age diagnostic. '

‘Microflora:

Three of the sidewall cores (1,887m, 1,888.5m and 1,891m) were

analysed for calcareous nannoplankton but they were either barren .
or contained only Late Cretaceous contaminants.




i

——PALEOSERVICES

4,10

- 15 -

Two sidewall cores were analysed fér palynology; that at
1,887m contained very rare humic and sapropelic kerogen
but was barren of palynamorphs while a sparse assemblage
was obtained fram 1,888.5m, consisting of long-ranging
Cretaceous to Jurassic pollen including Classopollis
torosus and Cerebropollenites mesozoicus. |

Environment:

Marine, outer sublittoral to bathyal.

1,892m - 2,095m MIDDLE JURASSIC, FEarliest Bathonian -
' Early Bajocian (Aalenian).

Lithostratigraphy:

Brent Unit

Ditch samples are poor in the upper part of this interval;
lithological description is based cn sidewall cores (1,892m-
1,903.5m) ,cores(1,%04m2,025m) and ditch samples (2,025 -
2,095m) . |

Ness Sub~-Unit

Daminantly a cyclic sequence of sandstones, siltstones, | -
claystones and coal. '

1,892m-1,903.5m

Nine sidewall cores were shot through this interval

1,892m Coal .

1,893.5m1,902m - (7 S.W.C.s) Sandstone, fine, angular,
with carbonaceous debris.

1 ,903.5m‘ Claystone, with occasional fine angular .

sand, carbonaceous debris.

1,904m-1,918.7m (Core 1).

1,904m-1,905m. 25m A]_.ternating thin beds of fine sandstone,
siltstone and grey claystone; the sandstones are cross
bedded in the upper part and bicturbated below.

R
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1,905.25m1,906.3m Claystone, and siltstone, grey, with
occasional beds of flaser-bedded fine sandstone, pyrite
and lignitic debris.

1,906.3m~1,918.7m At least four ccarsening upwards cycles
comprising fine sandstone, siltstone and claystone, variably
laminated, cross or flaser bedded. Each cycle is capped by
a coal with seat earth containing rcootlets.

1,919.4m-1,929.8m (Core 2)}.

Similar lithologies to the interval above, with a praminent
coal at 1,923.1m and a thick seat earth between 1,923.5m-
1,925m.

1,930.9m -1,933.35m (Core 3).

Sardstone, fine, with thin claystone beds and coaly debris;
cross bedded or slumped.

1,936.0m -1,947,7m . (Core 4).

Sandstone, (1,936.8m-1,938.4m, 1,942m-1,944.7m, 1,946.2m~
1,947.7m) fine,occasionally cross bedded,variably flaser
bedded, with odcasiorml claystones grey, often lignitic, and
coal at 1,936.2m.

1,853.2m1,96%5m (Core 5).

Two praminent sandstones (1,953.2m-1,955m, 1,962m-1,965.9m),
fine, light brown with occasicnal claystone bands, planar or
cross bedded, interbedded with claystone, grey occasional
woody debris, often planar or flaser bedded with fine sand-
stone. Coal at 1,868m,

1,97 - '1,982m  (Core 6).

1,97m - 1,975.8m Sandstone, fine and medium grained,light

brown, with occasional claystone laminations. Between 1,972.6m

and 1,974.8m inter-laminated sandstone, siltstone and grey

claystone.

1,975.8n-1,982m Coal, seat earth with rootlets, coaly clay-
stone with thin beds of fine sandstone near the base.
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Etive—-Rannoch Sub-Units

Monotaonous sands and occasional gravel.

1,982m - 1,989.2m Sandstone, light brown,fine to medium
and fine to coarse, poorly sorted and cemented, with white
?kaclinitic matrix. Coal at 1,985.4m, no seat earth. "

'1,989.2m -2,007.3m  (Core 7).

As 1,982m- 1,989.2m with occasional gravel, and llgm,:z.c
debris. '

2,007.3m-2,025m  (Core 8).

Sandstone, light grey-green, fine-medium, poorly sorted,

with white ?kaclinitic cement.

©°2,025m ~- 2,084m  (Ditch Samples) .

Sandstone, fine and medium grained with pyrite and coaly -
debris. Poor samples. '

©2,084m - 2,095m (Cuttings and sidewall cores).

Sand, fme—coarse , angular-subangular with pyrite and carbon-
aceous debris, same brown dolamite. )

- ‘Biostratigraphy:

©1,892m<2,075m Earliest Bathonian --Bajocian

Microfauna: |
Barren.

‘Microflora:
Palynological analyses through this interval are based on core
samples (above 2,025n) and sidewall cores.

The highest sample éxamined (sidewall core at 1,895m) contains
a typical Early Bathonian association of spores and pollen,
Neoraistrickia sp., abundant Cyathidites spp., and Quadraeculina
anellaeformis. The latter, together w1th the dinoflagellate
Nannoceratopsis gracilis sl., is characteristic of earliest
Bathonian microfloras reported fram this area. |
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The first downhole occurrence of Nannoceratopsis gracilis
senex is at 1,920m. This association indicates that sediments
below 1,895m are not younger than earliest Bathonian.

The palynamorph assemblages which characterise the Heather
and upper part of the Brent Formmations in this area are absent
which suggests therefore that this part of the sequence is
missing fram this well. |

Below 1,997m, to 2,075m, the microfloras are less rich and
diverse but retain a general earliest Bathonian to Bajocian'
character. The core sample at 1,985.4m, an allochthonous
coal without a seat earth, conta:l.ns the dinoflagellate
Ctenidodinium cf. pachydermum (cammon)} which indicates
deposition in a marine (nearshore) enviromment. This event
‘may be of use in local correlation.

2,075m-2,095m Early Bajocian ' (=Aalenian)
' Microfaﬁla: |
Barren.
Microflora:

The dinoflagellates Nannoceratopsis gracilis and N. gracilis -
senex reappear in the sidewall cores between 2,075m and 2,095m. .

" Regionally their presence in this basal part of the Brent
sequence is taken as indicating an Eafly Bajocian (Aalenian)
age. In these samples they are associated with spore and pollen
taxa which range through the Middle Jurassic (and higher) but .
do not extend below the Toarcian. These forms grxiually dis-
appear in the underlying intervals (see below).

They include Klukisporites variegatus, Ischyosporites spp.,
Tsugaepollenites dampieri, T. turbatus and Corcmatispora
valdensis. '
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" Environment:
Deltaic and shallcw marine.

1,892m-1,982m The coarsening upwards cycles of the cores
 indicate fluvio deltaic sedimentation with swamps resulting
in the deposition of autochthonous coals. There is evidence
of occasional nearshore marine influence in the presence of
rare dinoflagellates (N. gracilis sl.) and acritarchs.

1,982m-2,095m This monotonous sequence of sands is typical
of a shallow marine delta front environment. A coal in the
upper-part shcws no seat earth and the presence of camon
dinoflagellates suggests that it has been transported

(i.e. allochthonous). The presence of cammon dinoflagellates
suggests more marine (?{:ransgressive) conditions prevailed _
during the deposition of the sand in the lower part (2,075m-
2,095m} .

4,11  2,095m=2,496m ?MIDDLE < EARLY JURASSIC,?Early Bajocian~Sinemurian.

Lithostratigraphy:

Dunlin Unit.

2,095m-2,112m Ditch samples through this interval are dominantly
sands but they are interpreted as caved. The in place lithology
is possibly grey claystone, as in SWC 2,095m, the level at which
the top Dunlin is taken.

2,112n2, 198m Claystone and siltstone, grey, with.occasional

fine angular sandstone, between 2, 114m and 2,147m thin beds
of brown dolamitic limestone. -

2,198m-2,216m Sand, fine-coarse, very poorly sorted, angular-
subangular with abundant pyrite and carbonaceous debris. Side—
wall cores also indicate occasional beds of grey claystone
(2,200m) and fine-medium sandstone.
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2,21am2,294m Sandstone, fine, arxpular, calcareocus matrix,
in part approaching sandy limestone.

- 2,294m-2,330m  Interbedded brown limestone, grey claystone
and coccasional fine sandstone.
2,330m=2,336m As zhove with more fine sand.
2,336m-2,345m Sand, fine-medium, subangular (possibly in
part caved). Occasional beds of grey claystone.

2,345m~2,481m Interbedded, grey claystone, siltstone,

fine sandstone and red-brown limestone.

2,481m-2,4%6m Sandstone, fine, with occasional beds of
claystone, grey. ?Phosphatic/chamositic pellets are common
at 2,496m.

Biostratigraphy:

2,095m-»2,147‘m ?Early Bajocian (Aalenian) - Toarcian.

Microfauna:

Agglutinating foraminifers are cammon in this interval and

" form an association which is regionally dated as Toarcian.
The presence of ostracods including Kinkelinella sermoisensis _
and Camptocythere spp.,together with the benthic calcareous
foraminifer Nodosaria regularis,suggests that the interval -

- may range up into the Aalenian. '
The top of the interval has been tentatively taken at the
sidewall core at 2,095m containing long ranging agglutinating
foraminifers although common foraminifers do not appeat in the
cuttings till 2,102m. '

Microflora:

Most taxa recorded asbove continue through this interval and
are not age restricted, although several of the spore and
pollen species do not range below the Toarcian (see below).
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2,147-2,198m Early Tearcian

Mi_crof auna:

Foraminifers and ostracods are camwon. The top of the
interval is taken at the highest occurrence of Trachycythere
verrucosa but also present are Kinkelinella intrepida and
K.cf. debilis. This association is typical of the Early :
Toarcian in onshore successions where it tops in the '

Hildoceras bifrons ammonite zone.
Microflora:

Nannoceratopsis -graciiis senex is camnron, associated with

several small dinoflagellate taxa which do not occur above,
including cf. Tectatodinium gochti (at 2,150m), Frcmea

elongata, and Dinoflagellate sp.3 Thusu (both at 2,170m).

The last two are recorded fram the Toarcian (Wilhelmoya Formation)
of Kong Karls Land (Thusu 1978). The presence of Mancodinium
semitabulatum {(a Pliensbachian form} in the sidewall core at
2,170m may be the result of reworking or possibly could'be.

an extension of its range. '

Spores and pollen which "bottam" in the Late Toarcian are
rare and disappear (downhole) through this interval. These -~
include Coronatispora valdensis (basal ccourrence in S.W.C.
at 2,150m), and Klukisporites variegatus, Tsugaepollenites
dampieri and T. turbatus (all bottam in the sidewall core at
2,185m). '

'2,198m=2,216m Early Toarcian - Late Pliensbachian.

‘Microfauna:
The microfauna is restricted to rare long ranging non diagnostic
agglutinating and calcareous foraminifers.
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Microflora:

The microflora contains common bisaccate pollen and
Chasmatosporites major with same Nannoceratopsis gracilis

and N. gracilis senex. Typical Iate Toarcian spores and
pollen (see above) are absent. The dinoflagellate Mancodinium
semitabulatum is present at 2,215m but may be reworked there.
This assemblage is not age diagnostic but is consistent with
an Early Toarcian - Late Pliensbachian age. ‘

Ramarks: .

This interval is recognised by its distinctive lithology; faunas
and floras are non age diagnostic and it is dated by the fossili-
ferous sequences above, and below 2,240m.

2,216m-2,240m ?Liate Pliensbachian.

Microfaua:
There appears to be no in place microfauna in this interval.
Microflora:
The assemblage lacks diversity and is similar to those in the
overlying' interval.
Remarks:
The lithology of this interval is the same as in the well
dated interval below; it appears to have been deposited in
the same sedimentary episode, and is therefore probably of
the same age. ‘

2,240m-2,411m  Tate Pliensbachian.

‘Microfauna:

The top of this interval is taken at the highest occurrence _
of abundant Ogmochoncha, an ostracod which does not normally
occur above the Late Pliensbachian.
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At 2,363m a distinctive association of the ostracod
Ogmoconcha contractula and Dentalina matutina may prove

to be a regional marker. Wicherella semiora (below 2,387m)
is a regional marker in onshore successions where it is
restricted to the early part of the Iate Pliensbachian
(Amaltheus margaritatus ammonite zone).

Microflora:

The first downhole occurrence of Cerebropollenites cf.
thiergarti, in the sidewall core at 2,240m, and its
association with the dinoflagellate Mancodinium semitabulatum
indicates the penetration of sediments of definite Pliensbachian
age fram that depth. Acritarchs occur throughout this interval
although dinoflagellates only occur in-the upper part, down

to 2,363m. M. semitabulatum is present down to 2,275m
(S.W.C.), N. gracilis and N. gracilis senex to the sidewall .
core at 2,300m and the former is also present in ditch
cuttings to 2,363m, although it is rare below 2,336m and

may be caved. The génus Nannoceratopsis shows greater
morphological diversity here, with N. ambonis occurring
between 2,240m and 2,275m. The presence of N. gracilis sl.
indicates an age not older than Late Pliensbachian. ’

The spore and pollen assemblages are dominated by bisaccate i
pollen, with conmon Chasmatosporites major, Osmmdacidites
+Baculatisporites spp. and Classopollis torosus; all are
long-ranging taxa. Reworked Carboniferous and Permo~Triassic
taxa occur throughout.

2,41km - 2,450m Early Pliensbachian.

Microfauna:

Foraminifers and ostracods are camon through this interval. -
The highest occurrence of Gammacythere ubiquita at 2,41im
indicates an Early Pliensbachian age. An abundance level of

- Ogmoconcha amalthei amalthei at 2,441m may prove to be an
jn:portént regiocnal marker.
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Mlcrof lora;

No age diagnostic taxa were recorded; spore and pollen _
assemblages are similar to those in the overlying interval.
Reworked taxa recorded inélude the Rhaetian form Riccisporites
tuberculatus. ' |

2,450m-2,496m Early Pliensbachian — Sinemurian. -

Microfauma:

Ostracods and foraminifers are sparse campared with the over-
lying interval. Same of the taxa typical of the Pliensbachian
continue, including Ogmoconcha amalthei amalthei. The top of
the interval is taken at the highest occurrence of poorly
preserved Kinkelinella gpp. which may be Late Sinemurian
forms. No distinctive Early Sinemurian ostracods are present.

‘Microflora:

The assemblages 1ack'age - diagnostic taxa. Reworked forms |
are cammon in the sidewall cores 2,467.2m, 2,471.1m and

2,476.1m and include Carboniferous spores Densosporites sp.,
Lycospora sp., Tri(juitrites sp., and Tripartites sp. as well

of Kraecuselisporites reissingeri (Sinemurian ~ Rhaetlan} fram
2,471.1m is probably reworked.

Regionally an Early Sinemurian - Hettangian microflora has
been reported at the base of the Dunlin Formation, bi:lt is not
recognlsable in this seguence. A stratigraphical hlatus may
therefore occur at this level.

CEnvironment

2,198m-2,216m < Probably shallow marine , delta front.

2,216m2,496m Marine, mainly inner sublittoral. Camuon
2phosphatic/chamositic pellets in the sand at 2,493.6m may
indicate a peridd of non deposition. This is overlain by |
a transgressive, possibly littoral, sand unit (2,216m-2,294m)
and a similar though regressive sand occurs at the top of the.
interval (2,481m-2,496m).

as the Rhaetian species Riccisporites tuberculatus. A specimen

2,095m-2,198m Marine, possibly cuter sublittoral prodeltaic. -
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4,12  2,496m -« 2,802m T.D. EARLY. JURASSIC ~ LATE TRIASSIC,
: ' Sinemurian - maetlan.

. Lithostratigra;hy:

tatf}ord Cormorant Formatlons
-2, 496m-2 529m Sandstone/sand, fine-coarse and fme-medlwn, -
angular-subangular, poorly sorted, lignitic debris, occa;sz.onal_
silty grey claystone. Possibly cyclic. ' |
2,529m-2,569m Sandstone, as above but with calcareous cement,
lignitic debrls, occasicnal lJ.ght grey claystone.

2,569m2,601m Claystones, ‘brown: {occasionally green and reci},
. sideritic with sand/sandstone, fz.ne—medlmn as above. '

2,601m-2,676m Claystone and siltstone, light grey, light
brown with occasional red bands; occasmnal siderite; inter-
bedded sandstone, fme-ooarse, ‘angular, poorly sorted, white
. non—-calcareous matrix.
2,676m-2,715m As above but with more purple and green cYay-
: stone ' _
2,7150-2,802m Claystone and s:thstone, red,; with calcarews_ :

concretions below 2,718m and anhydrlte below 2 733m, below
ca.2, 748m beds of fine-medium white sandstone. o

Blostratlgraphy :

2, 496m—2 660m Sinemurian - Hettanian

The top of this unit is taken at the llthologlcal Junction

marking _the top of the Statfjord Formation. it is probable

that this Formmation is diachronous, see discussion below.
- Microfauna:

Barren.
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MJ.crof lora

In thlS area the top of the Statfjord Formation has been dated '
as Hettangian (see Paleoservices report, Progect No. 600) .
microfloras obtalned fram cores, o

The pollen CerebrOpollenJ.tes mesozoicus and C. @f . thlerqalin
ocour together in the S:merm.lrlan but the former is absent “fram
'the Hettangian. Both of these taxa are present in the sﬂewall
cores at 2,522m and 2,564m; this suggeﬁts that the top of the
Statfjord Fommation in this well may be of Sinemurian age.
However, since C. mesozoicus . is present in ditch samples down
to 2,609m (although it is probably caved), a definite
Sinemurian - Hettang:.an bcamdary cannot be recogmsed here. o

Kracugelisporites reissingeri (in the ditch sample at
c.2,575m) is assumed to be in place andnotxeworked its

presence supports a Sinemurian.- Hettangian age.

2,660m-2,802m _Triassic, Rhaetian.
Micmfaﬁna:

‘ Microflora: | .
Riccisporites tuberculatns occurs in the sidewall core at '.
2,660m and is associated below with other typical Rhaetian
and Late Triassic taxa. It is .ther_efore considered to be in
place and not reworked at this depth, and is taken to mark
the top of the Rhaetian., Othexr s:.gnlflcant taxa are Aratri-

sporites sp. fram 2,723. Sm Ovallp_ollzs ovalis from 2,746m, '
and Rhaetlpollls gexrfnanicus frcm 2,763m.

The top of the Rhaetian occurs above the upper Limit of the .
redbedsequence.lnotherwellsmﬂlearealtoccursat
a greater distance above the red beds This discrepancy may
reflect the failure to recover R::_.cc;s_por:.tes tuberculatus
fram higher levels in this well.
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'Ihere is no palynological ev:.dence for the penetrata.on of ..
sediments older than Rhaetian. : ‘

2, 496m-2 569m Marnle, llttoral to :mner subllttoral.'

2, 569111—2,71&11 Cmtmental—marme, paralie, probably :
- fluvial in part. :

s 2, 715m—2 sezm Ccmtmental, alluv:l.al
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