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1 . INTRODUCTION 

This report presents the resul ts  of the strat igraphical  and 
paleontological study of samples from Well 34/10-18, d r i l  led by Statoi 1 

in the North Sea (Norwegian offshore) during 1983. 

Material available 

The samples received comprise ditch cuttings collected a t  the following 

intervals  : 

10m between 1,020m - 1,680m 

2.5m between 1 ,680m - 1,780111 

5m between 1,780m - 2,290m 

2.5m between 2,290m - 2,395111 

5m between 2,395m - 2,6001~1 

2.5m between 2,600m - 3,025m 

20 sidewall cores between 2,108~1 and 3,008m and 11 core chips between 

2,343.93m and 2,394111 were a1 so. recei ved. 

An a1 yses 

Micropaleontological analyses on ditch cuttings were carried out a t  an 

average of 10m intervals  with a greater sample density in the lower part 

of the well. Analyses were carried out on 7 core chips and 11 sidewall 
cores. 

Calcareous nannoplankton analyses were carried out on two core chips and 

one sidewall core within the Early Cretaceous. 

A to ta l  of one hundred and seven samples (11 cores, 19 SWCs and 77 ditch 

cutt ings) has been analysed for  palynology over the interval 1,695m to  
3,025m. 

This report i s  the resul t  of work carried out by Paleoservices Ltd. 

s t a f f .  
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Boundary definition 

All boundaries defined in this report are based on sample depths and are 

taken at significant lithostratigraphic or biostratigraphic events. 

Petrophysical logs were available in the latter stage of the study but 

a1 1 boundaries are based on samples. 

Lithostratigraphic terminology 

The lithostratigraphic nomenclature used in this report is that defined 

by Deegan & Scu 11 ( 1977 1 . 
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SUMMARY 

Cai nozoi c 

The highest 20 metres studied (1,010m-1,030rn) comprise f i n e  glauconitic 

sands containing a microf auna of sponge spicules and calcareous 

foraminiferids ( the  l a t t e r  are probably caved). This u n i t  fa1 1 s within 

an age range of Early Pliocene-Miocene and was deposited in a marine 

subli t t o ra l  environment. 

The Early Pliocene-Miocene sands r e s t  d i r ec t ly  on s i l t s t o n e s  of the 

Hordal and Group (from 1,030m-1,380~1) dated as 01 igocene on the basis of 

the diatom f l o r a  and sparse foraminiferid fauna. Marine, outer 

sub l i t to ra l  conditions existed during the  deposition of the section from 

l,O3Om t o  l,25Om. Agglutinating foraminiferids become more common below 

1,250m ref1 ec t i  ng deeper water, probably bathyal conditions. 

I t  i s  not possible t o  define the top of the Eocene interval  precisely i n  

t h i s  well and the  section from l,38Om t o  l,4ZOm i s  dated as 

Oligocene/?Eocene. No res t r i c t ed  Late Eocene taxa were recorded and 

there  may be an unconformity a t  the  top of the Middle-Early Eocene 

section a t  1,420m. 

Middl e-Early Eocene Hordal and Group cl aystones and r a r e  do1 omitic 

limestones are recorded from 1,420m t o  l,670m, containing an 

agglutinating foraminiferid assemblage which ~ n d i c a t e s  marine bathyal 

conditions. Rare tuffaceous deposits occur below 1,570m indicat ing 

occasional contemporaneous volcanic ac t iv i ty .  A regional ly pers is tent  

Early Eocene 1 i thos t ra t igraphic  marker comprising red/brown claystone 

with planktic foraminiferids occurs a t  the  base of the  in t e rva l ,  below 

1,660111. 

Tuffaceous claystones of the  Balder and Sele Formations are present from 

1,670m t o  1,74511 i n  t h i s  well,  and contain a cha rac te r i s t i c  diatom f l o r a .  

This interval  spans the basal Eocene-Late Paleocene boundary, and was 

deposited in a marine, outer sub1 i t t o r a l  t o  bathyal environment . 
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Grey claystones and s i l t s tones  of the Lista Formation present from 1,745m 

t o  1,885m are dated as Late Paleocene ( 1  ,745m-1,870m) and "Middle" 

Paleocene (1,870m-1,885m). The agglutinating foraminiferid fauna, 

together with radio lar ia ,  indicates  deposition in a marine, bathyal 

envi ronment . 

The "Mi ddl e"  Paleocene interval r e s t s  unconformably on Late Maastrichti an 

sediments a t  1.885m: there i s  no d e f i n i t e  pal eontological evidence fo r  

Early Paleocene deposits . 

Cretaceous 

Grey cl aystones and interbedded dolomitic limestones, typical of the  

Shetland Group, occur from 1,885m to  2,336m. The microfauna i s  dominated 

by long-rangi ng aggl u t i  nat i  ng taxa,  b u t  the rare  occurrence of calcareous 

foraminifer ids,  radio1 a r i a  and pyri t i s ed  diatoms, and microfloral 

content,  indicates a dating of Maastrichtian, Campani an and ?Santonian. 

The whole of t h i s  interval  was deposited i n  a marine, outer sub l i t to ra l  

t o  bathyal environment, the  dominance of agglutinating taxa through much 

of the  sequence ref lec t ing  periods of deeper water deposition. 

Late Cretaceous (?Santoni an 1 cl aystones of the  Shetland Group r e s t  

unconformably a t  2,336m on a very th in  unit  (2,336111-2,340m) of red/brown 

claystones of the Cromer Knoll Group, dated as Early A1 bian. These in 

turn r e s t  unconformably a t  2,340111 on limestones dated on the  basis of the 

foraminiferid content as Early Barremian-Hauterivi an. 

The Cromer Knoll Group limestones present from 2,340111 t o  2,351.6m are of 

marine subli t t o r a l  or ig in ,  and the  microf aunal and nannopl ankton content 

indicates  a subdivision of Early Barremi an-Hauterivian (2,340m-2,343.93m) 
and Early Hauterivi an-?Val anginian (2:343.93m-2,351.6m). This limestone 

r e s t s  unconformably on the  Kimmeri dge Clay Formation a t  2,351 .6m. 

Jurassic  

Only part of the  Kimeridge Clay Formation i s  present in the  well and i t  

i s  represented by a th in  sequence (2,351 -6m-2,355m) of black claystones 

and s i  l t s tones  dated by palynological analyses of core samples as Early 



Port1 andian/Late Kimnwidgi an. Deposition took place in a marine, 

s u b l i t t o r a l ,  environment with poorly oxygenated conditions a t  the sea 

bed. 

The Kimneridge Clay Formation r e s t s  unconformably on the  Heather 

Formati on a t  2,355~1. 

Heather Formation claystones have been recorded in the  samples, between 

2,355m and 2,370m. The sediments between 2,361m and 2,7701~1, using core 

samples, have been accurately dated as Early Bathoni an, b u t  the  overlying 

s ix  metres are only t en ta t ive ly  dated as Bathonian as no core samples 

were avai lable.  Deposition took place in a marine, sub l i t to ra l  

envi ronment. 

The f i v e  members of the Brent Formation are present in t h i s  well between 

2,370m and 2,605m and have been t en ta t ive ly  d i f ferent ia ted  by samples. 

Dating of the sequence indicates  an age range of Early Bathonian t o  Early 

Bajoci an (=Aal eni an ) . The downhol e appearance of the  di nofl age1 1 a te  

Nannoceratopsi s graci 1 i s  i s  a s igni f icant  regional event in the middle 

part  of the  Ness Member although i t s  occurrence a t  2,475111 in t h i s  well 

may not be the top of i t s  t o t a l  range. Deposition of the  formation was 

in a t rans i t ional  t o  nearshore marine environment, t h e  cycl ic  Ness 

sequence possibly represents deposition on a de l t a  platform. 

The Dunlin Formation 2,605111-2,975111 i s  divided in to  four members which are 

apparently present in t h i s  well . The Formation ranges in age from Early 

Bajoci an (=Aal eni an ) t o  Early Pl iensbachi an. Numerous faunal / f lo ra l  

events have been recognised i n  t h i s  area and these are indicated on the 

1 og f o r  corre la t ion  and dating purposes. 

Deposition was mainly i n  a lower energy, marine, sub l i t to ra l  environment, 

although the  coarse c l a s t i c s  a t  the base of the  Amundsen Member may be 

l i t t o r a l  deposits and shallower deposition i s  a l so  indicated in the  

regressi  ve Cook Sand between 2,740m and 2,765111. 
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16. Glean coarse  sands between 2,975111 and 3,025m i n d i c a t e  t h e  pene t ra t ion  of 

t h e  S t a t f j o r d  Formation. Only t h e  upper p a r t  of t h e  sequence i s  present  

in t h i s  well and i t  has been dated as no o l d e r  than Sinemurian. 

Deposit ion took place  i n  a marine, 1 i  t t o r a l  -sub1 i t t o r a l  environment . 
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3. STRAT I GRAPHICAL SUMMARY 

Interval Li thostrat igraphic - Age 

Unit - 
Thickness 

1 ,01 Om - 1 , 030m Nordl and?/Hordal and Early Pl i ocene-Mi ocene 20m 

1,030m - 1,380m Hordal and 01 igocene 350111 

1,380m - 1,420m Hordal and 01 i gocene/?Eocene 40m 
.............................. POSSIBLE UNCONFORMITY---------------------------- 

1,420111 - 1,670m Hordal and Mi ddl e-Early Eocene 250m 

1,670m - 1,745m Rogal and:Balder & Basal Eocene-Late Paleocene 75m 

Sel e 

1,7451~1 - 1,870m Rogal and: Lista  Late Pal eocene 125m 

1,870m - 1,885m Roga1and:Lista "Middle" Pal eocene 1 5m 
UNCONFORMITY--------------------------------- 

1,885m - 1,  940m Shetl and Late Cretaceous (Late 55m 

Maastrichtian) 

1,940m - 2,100m Shetl and Late Cretaceous (Maastrichtian) 160m 

2,100m - 2,310m Shetland Late Cretaceous (Campani an) 21 Om 

2,310m - 2,336m Shetland Late Cretaceous (?Santoni an) 26m 
.................................. UNCONFORMITY--------------------------------- 

2,336111 - 2,340m Cromer Knoll Early Cretaceous (Early 4m 
A1 bian) 

.................................. UNCONFORMITY--------------------------------- 

2,340111 - 2,343.93~1 Cromer Knoll Early Cretaceous 3.93111 

(Early Barremi an-Hauterivi an) 
2 , 3 4 3 . 9 3 ~  2,351.6111 Cromer Knoll Early Cretaceous 7.67111 

(Early Hauterivi an-?Val anginian) 
.................................. UNCONFORMITY--------------------------------- 

2,351.6m- 2,355111 Humber:Kimneridge Late Jurassic  (Early 3.4m 

Clay Port1 andi an/Late Kimmeridgi an) 
.................................. UNCONFORMITY--------------------------------- 

2,355111 -2,361m Humber:Heather Middle Jurassic  (?Bathoni an) 6m 

2,361~1 - 2,370111 Humber : Heat her Middle Jurassic  (Early Bathoni an) 9m 

2,370~1 - 2,475111 Brent: Tarbert- Middle Jurassic  (Early Bathonian- 105m 

Ness ? e a r l i e s t  Bathoni an/Bajoci an ) 
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2,595m - 2,605m 

2,605111 - 2,675111 

2,6751~1 - 2,740m 

2,740~1 -c.2,900m 

c.2,90Qm -c.2,975m 

c.2,975m - 3,025111 

L.S.R. 

Brent: Ness- 

Rannoch 

Brent: Broom 

Dunl i n  : Drake 

Dunl in : Drake- 

Cook 

Dunlin: Cook- 

Amundsen 

Dunl i n  : Amundsen 

S t a t f  jord 

Middle J u r a s s i c  ( ? e a r l i e s t  120m 

Bathoni anlBajoci an-Early 

Bajocian (=Aalen ian) )  

Middle J u r a s s i c  (Ear ly  Bajocian 1Om 

(=Aalenian)  ) '  

Middl e-Early J u r a s s i c  (Ear ly  70m 

Ba joci  an (=Aal eni  an ) -Toarci an)  

Ear ly  J u r a s s i c  (Ear ly  Toarcian)  65m 

Ear ly  J u r a s s i c  (La te  c.160m 

P I  iensbachian)  

Ear ly  J u r a s s i c  (Ear ly  c .75m 

Pl ' ensbachi an)  

Ear ly  J u r a s s i c  (S i  nemuri an)  c .50m 
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4. STRAT I GRAPHY 

4.1 1,Ol Om-1,0301~1 EARLY PLIOCENE-MIOCENE 

Lithostratigraphy: 

Nordl and (pars) /?Hordal and (pars) 

1,010m-1,030m - Sand, fine grained, angular, f r iable ,  with abundant 

gl auconi t e  and pyrite throughout. Rare fragments of grey calcareous 

1 imestone are present below 1 $01 5m. 

Biostratigraphy : 

1,01 Om-1,030m Early Pl i ocene-Miocene 

The age of this interval i s  suggested by the comnon occurrence of 

siliceous sponge spicules, including Geodia sp. These have been 

dated elsewhere in the area, in association with age restricted 

taxa, as Early Pliocene-Miocene. Foraminiferids present in this 

well are general ly long-ranging Pliocene-Miocene forms a1 though 

specimens of the Late Pliocene form Ci bicides lobatulus grossa were 

a1 so recorded. These are thought to be caving from the overlying 

section which Paleoservices L t d .  was not requested to examine. 

Environment : 
Marine, subli t toral  . 

Notes : 

This interval rests directly on siltstones of Oligocene age and as 

the precise age of this  interval i s  uncertain the nature of the 

lower boundary i s  i t se l f  not defined. There could be a possible 

unconformity at  1,03Om, b u t  th i s  cannot be proved on the basis of 

the present avai 1 abl e data. 



Lithostratigraphy: 

Hordal and Groups ( pars ) 
l,O3Om-l,16Om Sil tstone, brown-grey/brown, hard, argi 1 1  aceous, 
pyritic throughout, with rare traces of 1 ignite below 1,100m. 

1,160m-1,31 Om C1 aystone, dark brown-grey/brown, f irm-moderately 
hard, silty, with rare pyrite and glauconite throughout. Sand, 
medium-coarse, rounded, occurs throughout, but may be caved. 

1,310m-1,420111 Claystone, dark green-dark grey, moderately hard, 
subfissile, pyritic, also with rare traces of limestone, brown, 
sideritic, below 1,375m. - Sand, medium-coarse, rounded, occurs 

sporadically but is probably the result of caving. 

Biostratigraphy : 
1,030m-1,380111 Oligocene 

The top of the Oligocene is defined at 1,030m by the highest 

occurrence of Diatom sp.3. (King, 1983), an index species for the 
Oligocene in the North Sea region. The Oligocene foraminiferid 
Turrilina alsatica a1 so occurs below 1,040m. With the exception of 
these two taxa the microfauna and microflora between 1,030m and 
1,250m is impoverished, and limited to sponge spicules and pyritised 
diatoms. 

Below 1,250m agglutinating foraminiferids dominate the microfauna 
including Cycl amni na gr. placenta, Recurvoi des ex. gr. wal teri and 
Rhabdammina gr. discreta. The Early Miocene-Oligocene species 
Silicosigmoilina sp. is also present below 1,260111, and continues to 
occur in cuttings samples down to 1,380m. If in-place this would 
indicate an age of Oligocene down to this depth. 

1,380m-1,420m 01 igocene/?Eocene 
The microfauna recorded through this interval comprises only 
long-rangi ng agglutinating foraminiferids, which are known to range 
from the 01 i gocene through the Eocene (e.g. Glomospira charoides, 
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Amnodiscus incertus and Haplophragmoi des wal t e r i  1 .  I t  i s  n o t  
possible on the basis of t h i s  insufficient  data t o  define the 

precise depth of the Oligocene-Eocene boundary although i t  may l i e  

a t  the base of the interval which i s  marked by a preservation change 

in the microf auna. 

Environment : 

1,030m-1,250m Marine, outer sub l i t to ra l .  

1,2501~-7,420m The occurrence of a dominantly agglutinating 

foramini fer id  assemblage of the "Rhabdammina-fauna" type suggests a 

marine, bathyal environment. 

Note : - 
As no res t r ic ted  Late Eocene taxa were recorded i n  t h i s  well, there 

may be an unconformiiy at  the top of the def in i te  Middle-Early 

Eocene sediments, i .e. at  l,42Om. 
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1,420m-1.670111 MIDDLE-EARLY EOCENE 

Hordal and Group ( ~ a r s )  

l,42Om-l,57Om Claystone, dark green t o  greenlgrey, f i r m ,  s l  i g h t l y  

shaly, w i t h  p y r i t e  present throughout, and t races  o f  s i d e r i t e  below 

1,450111. 

1,570m-1,660111 C l  aystone, greylgreen, f i rm ,  occasional 1 y whi te  

speckled-tuffaceous. 

1,660~1-1,670m C l  aystone, red/brown, moderately hard, s l  i g h t l y  shaly, 

s i d e r i  t i c .  

B ios t ra t ig raphy :  

The highest occurrence o f  the  agg lu t i na t i ng  f o r a m i n i f e r i d  

Bol i v i n o p s i  s spectabi  1 i s  i nd i ca tes  t he  penet ra t ion  o f  d e f i n i t e  

Middle-Early Eocene sediments. The r e s t  o f  the  microfauna i s  t he  

same as t h a t  recorded i n  t h e  i n t e r v a l  above, w i t h  t h e  except ion o f  

Cyclammina amplectens (below 1,470m); t h i s  species i s  known no t  t o  

range above the  Middle Eocene. 

Common t o  abundant spher ica l  r e t i c u l a t e  r a d i o l a r i a  occur below 

1,580m. These are c h a r a c t e r i s t i c  o f  o ther  Middle-Early Eocene 

sect ions i n  t he  North Sea reg ion.  

The redlbrown c laystone below 1,660111 conta ins a c h a r a c t e r i s t i c  

p l a n k t i c  microfauna (Glob iger ina gr.  l i n a p e r t a ) .  Th is  hor izon i s  a 

reg ional  marker i n  t he  lower p a r t  o f  t h e  Ea r l y  Eocene. 

Environment : 

Marine, bathyal  ; ind i ca ted  by the  cons is ten t  occurrence o f  t he  

agg lu t i na t i ng  "Rhabdamni na-fauna". 
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4.4 1,67Om-l,885m BASAL EOCENE-PALEOCENE 

Rosa1 and Grou~ (Balder and Sel e Formations 

1,670~1-1,745111 Cl aystone, green-dark green, moderately hard, 

subbl ocky, waxy, tuf f  aceous . 

Rogaland Group (Lis ta  Formation) ' 

1,745m-1,800m S i l t s tone ,  green/brown t o  l igh t  grey/green, moderately 

hard, subbl ocky, p y r i t i c  throughout. 

1,800m-1,830~1 Cl aystone, 1 igh t  grey/green, moderately hard, py r i t i c ,  

gl auconi t i c .  

1,830m-1,885~1 Sil  t s tone ,  l i g h t  grey/green-green/brown, moderately 

hard, py r i t i c ,  with t races  of tuffaceous claystone below 1,860m. 

Biostratigraphy: 

1,67Om-l,745m Basal Eocene-Late Paleocene 

Microfauna: The microf aunal assemblage i s  very poor through t h i s  

interval  and the  top of the  basal Eocene-Late Paleocene section i s  

defined by the 1 i tho1 ogical break t o  tuffaceous cl  aystones a t  

1,670m. Pyr i t i  sed and s i l iceous  cen t r i c  diatoms (Coscinodiscus sp.1 
and C .  sp.2) occur cons is tent ly  below 1,680m; these  are 

cha rac te r i s t i c  of the  Balder and Sele Formations. 

Microflora: The assemblages from t h i s  interval  contain the  following 

association of taxa, Cordosphaeridium graci 1 i s ,  Gl aphyrocysta 

ordinata, Deflandrea phosphoritica, Palaeocystodinium golzowense and 

abundant Triporate pollen. This association is regionally 

cha rac te r i s t i c  of sediments of Early Eocene t o  Late Paleocene age. 

The Jurassic  di nofl age1 1 a t e  cys t  Nannoceratopsis graci 1 i s  i s  found 

reworked in t h i s  in terva l .  
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1,745~1-1,870m Late Paleocene 

Microfauna: There i s  a distinct change in the microfauna below 

1,745111, associated with the highest siltstones and claystones 

occurring below the tuffs.  This i s  marked by the incoming of a 

diverse agglutinating assemblage which includes consistent 

Bol ivinopsis spectabil i s .  The consistent occurrence of this  species 

below the Balder and Sele Formations i s  typical of Late Paleocene 

sediments in the North Sea. A further diagnostic Paleocene marker, 
Trochamni na aff .  a1 bertensis, occurs below 1,820m. 

Microflora: The f i r s t  sample examined from this  interval at 1,755111 

contains the downhol e appearance of the di nof 1 agel 1 ate cyst 

Apectodinium augustum. Even though this  taxon i s  thought t o  range 

up into the ear l ies t  Eocene i t  i s  most characteristic of the Late 

Paleocene and i t s  occurrence here i s  consistent with a Late 

Paleocene age at 1,755m. 

Alisocysta margarita appears downhole at 1,770111. This i s  a 

paleoevent which regionally occurs within the Late Paleocene. 

Extensive reworking occurs within this  interval including the 

Mesozoic miospores Cerebropoll eni tes mesozoicus and C l  assopol 1 i s  

torosus and the Early Paleocene-Late Cretaceous dinof 

Pal aeoperidinium pyrophorum. 

1,870111-1,885111 "Middle" Paleocene 

Microf auna : The occurrence of comon spherical re t i  cu 

below 1,870111 i s  used to indicate a "Middle" Paleocene 

interval. This radiolaria-rich horizon occurs widely 

agel 1 a te  cyst 

ate radiolaria 

age for this  

in the North 
Sea region, often associated w7 t h  age diagnostic pl anktic 

foraminiferi ds. In this  we1 1 however only long-ranging Pal eogene 

agglutinants were recorded. 

Microflora: All the in-situ taxa present in the one sample examined 

from this  interval at 1,88Om, continue through from higher up the 

well . 



The Early Pal eocene-Late Cretaceous dinof 1 age1 1 a te  cysts Cerati opsi s 

s t r i  ata ana Pal aeoperi dinium pyrophorum are found reworked in this 

sampl e . 

Notes : 

There i s  no paleontological evidence for the presence of Early 

Paleocene (Danian) sediments in this  well and an unconfomity 

between the "Middle" Paleocene and Late Cretaceous (Late 

Maastrichtian) i s  indicated at  1,885m. 

Environment : 

1,670m-1,745m Marine, subli t toral  or bathyal , the precise water 

depth being uncertain, contempcraneous volcanic activity. 

1,745m-1,8851~1 Marine, outer subli t toral  t o  bathyal , the la t te r  being 

more likely in view of the large numbers of agglutinating 

foraminiferi ds ("Rhabdammina-fauna") recorded. The rare tuff aceous 

sediments noted below l,86Om indicate sporadic volcanic activity 

during the Late Paleocene, and the occurrence of radiolaria below 

1,870m reflects more open oceanic current circulation in th is  area. 
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4.5 1,885m-2,336m LATE CRETACEOUS, Maastrichtian-?Santonian 

Lithostratigraphy : 

Shetland Group 

1,885m-1,910m Cl aystone, grey, firm to  moderately hard, calcareous, 

s1 ight ly  s i  1 t y ,  with rare  t races  of pyr i te  and gl auconi t e  present. 

1,910m-2,000m Cl aystone, grey, moderately hard, shaly, p y r i t i c ,  with 

limestone, cream/brown, hard, mic r i t i c ,  py r i t i c .  

2,000m-2,060m Cl aystone, grey, moderately hard, calcareous, s l  i ghtly 

s i l t y ,  py r i t i c ,  sample qua1 i t y  i s  poor between 2,020m and 2,050m 
because of contamination by cement. 

2,060m-2,100m Claystone, grey, shaly, interbedded with limestone, 

dark brown, do1 omiti c ,  microcrystal 1 ine. 

2,100m-2,120m Cl aystone, grey, with t r aces  red/brown, par t icu lar ly  
below 2,11 Om. Rare limestone, dark brown, dolomitic. 

. 2,120m-2,300m Cl aystone, grey, hard, subfi s s i  l e y  s l i g h t l y  shaly, 

w i t h  pyr i te  and grey sphaeroidal s i d e r i t e ,  limestone, dark brown, 

dolomitic, interbedded with sandstone, f i n e ,  angular, glauconit ic ,  

laminated w i t h  claystone, sandstone pa r t i cu la r ly  comnon below 

2,300~1-2,336m Cl aystone, grey-greylgreen, hard, subfi ssi 1 e ,  py r i t i c  

w i t h  limestone, mid brown, hard, dolomitic, microcrystal 1 ine .  

Biostratigraphy : 

1,885m-1,940m Late Maastrichtian 

Microfauna: The top of the Late MaastrichS:ian is  marked a t  1,885m by 

a major change i n  t he  microfauna. There i s  an age-diagnostic 

calcareous pl anktic  foraminiferid assemblage below t h i s  depth which 

incl udes Pseudotextul a r i a  e l  egans and Racemiguembel i na f ruc t icosa  

and be1 ow 1,890m Abathomphal us mayaroensi s and Gl obotruncana 
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contusa. These taxa are present throughout the unit together with 

the longer-rangi ng Maastrichti an-Campani an species Rugogl ob 

rugosa and Globigerinel 1 oides messinae. 

Benthic foraminiferids recorded include bo th  calcareous and 

agglutinating taxa, Trochamminoides irregularis being a use 

ger i na 

u 1 

marker within the Maastrichtian of the northern North Sea area. 

Microf lora: The downhole appearance of the dinof 1 age1 1 ate cysts 

Spongodinium del i t iense (1,9O5m), Chatangiel la spp. (1,92Om), and 

Pal aeoperidinium pyrophorum (lY9O5m), where i t  i s  considered t o  be 
in place, a l l  indicate penetration of sediments of Late Cretaceous, 
Maastrichtian or older age. 

1,940m-2,100m Maastrichtian 

Microf auna: The highest occurrence of the benthic foraminiferid 

Reussella szajnochae szajnochae i s  used t o  define the top of this  

interval . This subspecies ranges up into the Late Maastrichtian and 

i s  comnonly found in the early part of the stage. I t  i s  associated 

here with the pl anktic species Globotruncanell a havanensi s which has 

a similar range, b u t  does n o t  occur below the Maastrichtian. 

The upper part of this  interval i s  characterised by the abundance of 

the pl anktic Rugogl obigeri na rugosa, and comnon prismatic fragments 

of the bivalve Inoceramus sp. Below 2,020m the microfauna shows a 

gradual increase in the agglutinating taxa. (e.g. Rhabdamina gr. 

discreta, Recurvoides sp. and Amnodiscus cf . cretaceus 1. 

Microf lora: A number of characteristic Late Cretaceous pal ynomorphs 

appear downhole within this  interval including the dinoflagel la te  

cysts Trithyrodinium suspectum (1,95Om), Odontochitina operculata 

(1,965m), Spi nidinium clavum (1,995m) and Leberidocysta chl amydata 
(2,025~1) and the pollen Aquilapollenites spp.  (1,980m). 



2,100m-2,310m Campanian 

Microfauna: The r e d  c l  aystone a t  the top o f  t h i s  i n t e r v a l  contains a 

cha rac te r i s t i c  microf  auna comprising Globotruncana a f f .  arca and 

Pseudogaudryinella capitosa. This hor izon i s  used t o  def ine the top 

o f  the  Campanian i n  the nor thern North Sea. 

There i s  a re1 a t i  ve ly  impoverished microf  auna o f  long-rangi ng 

agg lu t ina t ing  taxa through the r e s t  o f  the  Campanian w i th  only  ra re  

calcareous benthic species present. The only  s t r a t i g r a p h i c a l l y  

s i g n i f i c a n t  taxa recorded are the  small p y r i t i s e d  diatoms present 

below 2,250111 which are cha rac te r i s t i c  o f  the laminated sandstone/ 

claystone fac ies  i n  t he  e a r l y  p a r t  o f  the  Campanian i n  t h i s  area. 

Mic ro f lo ra :  Most o f  t he  taxa recorded higher up t h e  wel l  continue 

through t h i s  i n t e r v a l .  A number o f  d i n o f l a g e l l a t e  cysts which top 

w i t h i n  the  Campanian i n  nearby wel ls  appear downhole i n  t h i s  

i n t e r v a l  i nc lud ing  Odontochit i  na costata (2,115m), Raphidodinium 

fucatum (2,145m), Pal aeohystrichophora i n f u s o r i o i  des (2,160m) and 

Chatangiel l a  n i i g a  (2,2201~1). 

Microfauna: The top  o f  t h i s  i n t e r v a l  has been taken at  the  highest 

occurrence o f  spherical  r a d i o l a r i a  a t  2,310m. I n  the  northern North 

Sea these are normal ly associated w i t h  common inoceramid prisms and 

a d i s t i n c t i v e  calcareous benthic assemblage. I n  t h i s  wel l  the 

r a d i o l a r i a  occur w i t h  on ly  r a r e  calcareous benthic fo ramin i fe r ids  

(Eponides concinnus, G l  oborotal  i tes  michel in ianus ) down t o  the 

sidewall core a t  2,336111 and the  inoceramid content i s  a1 so low. For 

t h i s  reason the  Santonian da t ing  i s  on ly  t en ta t i ve .  The p lank t i c  

f o ram in i f e r i  d 1 eve1 a1 so known t o  occur w i t h i n  Santoni an sediments 

elsewhere i n  t h i s  region may no t  be preserved here as t h i s  u n i t  

r es t s  unconformably on Ear ly  Cretaceous cl aystones a t  2,336~1. 

Mic ro f lo ra :  A l l  t h e  taxa recorded i n  t h i s  i n t e r v a l  continue through 

from the  over1 y i  ng i n t e r v a l  . No d e f i n i t e  Santoni an palynomorphs 

were recorded i n  t he  samples examined. However, the  SWC a t  2,336111 
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contains t h e  f o l l ow ing  assoc ia t ion o f  taxa, Chatangie l la  spp., 

Pal aeoperi d inium pyrophorum and Tr i thy rod in ium suspectum, which 

r e g i o n a l l y  i n d i c a t e  an age no t  o l de r  than Late Turonian. 

Note : 

Ea r l y  Cretaceous (Middle-Early A lb ian)  taxa occur i n  the 5 metre 

d i t c h  sample rangi  ng from 2,335111-2,340m. However, as noted above 

Late Cretaceous (?Santoni an) f o r a m i n i f e r i d s  occur i n  the  sidewal l  

core a t  2,336m, t he re fo re  t he  unconformity between the  two i n t e r v a l s  

must l i e  a t  or below t h i s  depth. 

Envi ronment : 

The whole o f  t he  Late Cretaceous succession was deposited i n  a  

marine, outer  s u b l i t t o r a l  t o  bathyal  environment. The dominance o f  

agg lu t i na t i ng  taxa  through much of the  sequence r e f l e c t s  per iods o f  

deeper water deposi t ion.  
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4.6 2,336m-2,351.6m EARLY CRETACEOUS, A1 bi an and Early Barremi an-?Val anginian 

Lithostratigraphy: 

Cromer Knoll Group 

2,336m-2,340111 Cl aystone, red/brown, occasional l y  grey, firm, shaly. 

2,340m-2,351.6m Limestone, l i gh t  brown-buff coloured, o i l  s tained,  

b ioc las t ic ,  with conon bivalve debris  and sty101 i t e s  ( see  Appendix 

1 fo r  l i thological  description of sidewall core a t  2,341m and core 

a t  2,343.93rn-2,34411-1). The lower par t  of the  unit  i s  l i gh t  green, 

marly and nodular, w i t h  abundant py r i t e  ( see  core sample description 

a t  2,350.55m). 

Biostratigraphy: 

2,336~1-2,340m Early Albian 
Microfauna: The di tch sample between 2,335111 and 2,340m contains a 
diagnostic Early Albian foraminiferid assemblage including 

Globigerinelloides "gyroidinaeformis", Uvigerinammina bulimoides 

( i  n t  . sp. ) , Hedbergel 1 a pl ani spi r a  and Gavel i nel l a  i ntermedi a.  As 

discussed i n  the Late Cretaceous section of t h i s  report ,  Late 

Cretaceous (?Santoni an ) foraminiferids are  present in the  sidewall 

core a t  2,336m and the  top of the Early Albian must occur a t  or 

below t h i s  depth. 

Microf lora:  No sample examined from this interval  . 

Notes : 

The Early A1 bian red claystone r e s t s  d i r e c t l y  on l igh t  brown 

limestone dated as Early Barremi an t o  Hauterivian. There i s  no 

paleontological evidence fo r  Apti an-Late Barremi an sediments in t h i s  

well and an unconformity i s  indicated a t  the  top of the limestone 

unit  a t  2,340111. 
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2.340m-2.343.93m Earlv Barremian-Hauterivian 

Microfauna: The top of t h i s  uni t  i s  defined by an age diagnostic 

microf auna, i ncl udi ng Uvigeri namni na moesi ana and Lenticul i na 
s c h r e i t e r i ,  present in the limestone below 2,340111. Spherical 

radio lar ia  a re  a lso  common i n  the d i tch  sample from 2,340.45111. 

The s i  dewall core a t  2,341 m contains abundant inocerami d 

prismatic fragments and only r a re  foraminiferids including the 

Early Barremian marker Uvi gerinammina sp. 1 ( i n t  . sp. ) . 

Nannoflora: The sidewall core a t  2,341m was examined but t h i s  

yielded only r a r e  long-ranging Cretaceous taxa. 

Microflora: No samples examined from t h i s  in t e rva l .  

2,343.93m-2,351 .6m Early Hauterivi an-?Val angi ni an 

Microf auna: Only r a re  long-ranging foraminiferi  ds were recorded 

from .the di tch samples between 2,345m and 2,350m and the  core 

sample a t  2,343.93m-2,344111. The core sample a t  2,351.60m however 

yielded a diverse benthic foraminiferid assemblage including 

abundant Trochol ina  infragranul a ta .  This species ,  a1 though 

fac ie s  control led,  i s  known t o  occur i n  Early Hauterivian t o  

Valanginian carbonates in the  northern North Sea. 

Nannoflora: The top of the interval  i s  defined by the  occurrence 

of the'  Early Hauterivian taxon Truncatoscaphus de l f t ens i s  i n  the 

core sampl e a t  2,343.93111-2,344~1. The accompanyi ng microf 1 ora 

incl udes long-rangi ng forms such as Micranthol i thus  hoschulzi 

(Apti an-Val angi n i  an ) ,  Watznaueri a barnesae (Maastrichti an- 

Ryazanian) and El 1 ipsagelosphaera bri tannica (A1 bian-Oxfordian) . 

Only long-ranging species were recorded in t h e  core sample from 

2,351.6m with the  exception of Nannoconus steinmanni 

(Barremian-Val angini an) .  

Mi crof 1 ora : On1 y 1 ong-rangi ng Mesozoic pol 1 en and spores were 

recorded from the  two core samples processed f o r  palynology. 
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Envi ronment : 

2,336m-2,340m Marine, sublit toral .  

2,340m-2,351.6m Marine, sublit toral ,  carbonate rich shelf 

deposition. 

Notes : 

The whole of the Early Barremian to ?Val angini an succession i s  

very condensed and stratigraphic breaks may occur within the 

succession. For exampl e there i s  no definite pal eontol ogi cal 

evidence of Late Hauterivi an sediments between the sidewall core 

at 2,341m and the core sample at 2,343.93m-2,344m. 

The Early Hauterivi an-?Valangini an limestone rests  directly on 

Late Jurassic (Early Port1 andian/Late Kimneridgian) cl aystones at 

2,351 -6m and an unconformable boundary i s  indicated at this  

depth . 



4.7 2,351.6m-2,355m LATE JURASSIC, Early Port1 andi an/Late Kimmeridgi an 

Li thostratigraphy: 

(see Appendix 1 - Lithological description of sidewall cores and core 

samples) 

Humber Group 

Ki mmeri dge C 1 ay Formati on 

Ditch cut t ings heavily contaminated by caving, Core samples a t  

2,351 .6m, 2,353mY 2,354m and 2,354.75m cl  aystone and occasional 1 y 

s i l t s tone ,  black, organic r ich ,  micaceo.us, non calcareous, with 

t race  gl auconi t e  and pyri te .  

Biostratigraphy : 

Microfauna: No in pl ace microf auna was recorded in the di tch 

cut t ings and core samples. 

Microflora: The four core chips from t h i s  in terva l  contain 

moderately diverse assemblages of micropl ankton, in miospore 

dominated samples , together with comrnon/abundant amorphous 

sapropel . The presence of Mill ioudodinium gigas, a t  2,351.6m 

indicates  an age within the  range Early Portlandian to  

Kimneridgi an. Hystrichogonyaul ax c l  adophora f i  rst appears 

downhole a t  2,353m. T h i s  taxon indicates  penetration of 

sediments of Kimmeridgian or older age. 

Pareodini a mutabi 1 i s  and Pterospermell a aureol a t a  occur downhole 

a t  2,354~1. P. mutabilis has a s t ra t igraphic  range of Early 

Port1 andian t o  Late Kimneri dgi an. The core a t  2 ,354.75~1- 

2,354.80111 a lso  contains P. aureolata  which, i n  t he  northern North 

Sea, does not range below the Late Kimneridgian. 
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Envi ronment : 

Marine, sub1 i t t o r a l  with anaerobic cond i t ions  a t  t h e  sea  bed. 

Note : 

The Late J u r a s s i c  (Ear ly  Port1 andian/Late Kimneridgi a n )  sediments 

of t h e  Kimmeridge Clay Formation r e s t  unconformably on t h e  Middle 

J u r a s s i c  (?Bathoni a n )  sediments of t h e  Heather Formation a t  

2,355m. 
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4.8 2.355m-2,370m M I D D L E  JURASSIC, Bathonian 

Lithostratigraphy : 

(see Appendix 1 - Lithological description of core samples and 

sidewall cores 1 
Humber Group 

Heather Formation 

2,355m-2,360111 Ditch cut t ings heavily contaminated by caving, no 

core sampl es avai 1 able. Trace s i  1 tstone/claystone, black, 

organic, and dolomite, brown. 

2,360111-2,370m Ditch cut t ings heavily contaminated by caving, core 

samples a t  2,361 m, 2,363m and 2,364.65111 claystone/si  1 t s tone ,  dark 

grey, black, micromicaceous, with f ine  organic debris ,  py r i t i c .  

Biostrat i  graphy : 

2,355m-2,361m ?Bathoni an 

Microfauna: I t  was not possible t o  ident i fy  any i n  place 

microfauna as core samples were not avai lable and di tch cut t ings 

are heavi 1 y contaminated by caving. 

Microflora: The di tch cut t ings ,  2,355m-2,362.5m, contain no 

closely age r e s t r i c t ed  taxa within the Late-Middl e Jurassic .  The 

presence of Sirrniodinium gross i i  indicates  an age not older than 

Bathoni an, but as the  assemblage i s  dominated by caved 

palynomorphs S. gross i i  may also be caved. 

Notes : 

The top of t h i s  interval i s  taken a t  the  l i thologica l  break a t  

2,355111, but i s  poorly defined pal eontological l y ,  as di tch 

cut t ings were of poor qual i ty  and no core samples were avai lable.  

No d e f i n i t e  Early Portlandi an/Late Kimmeridgi an or other Late 

Jurassic  f o s s i l s  a re  present.  A t en ta t ive  Bathonian age i s  

assigned t o  t h e  interval  based on i t s  1 i thos t ra t igraphic  

relat ionship t o  the  underlying Early Bathonian. 



2,361m-2,370m Ea r l y  Bathonian 

Microfauna: Common agg lu t i na t i ng  f o ram in i f e r i ds  occur i n  t h i s  

i n t e r v a l  ( d i t c h  samples 2,360m-2,370m) i nc l ud ing  Haplophragmoides 

sp. ( i n t  . sp. AH1 1, Amnodiscus sp. and Verneui 1 ino ides sp - 2  ( i n t  . 
sp. ) . Haphophragmoides sp. (AH1 ) dominates t he  fauna o f  t h e  lower 

pa r t  o f  the  Heather Formati on (Ea r l y  Oxfordian-Bathoni an) i n  t h i s  

area. The presence o f  V .  sp.2 ( i n t .  sp.) i s  more t y p i c a l  o f  the 

Bathoni an p a r t  o f  t h i s  format ion. 

M i c ro f l o ra :  The t o p  o f  t h i s  i n t e r v a l  i s  def ined on t he  highest 

occurrence a t  2,361 m of  an associ a t i  on o f  miospores 

c h a r a c t e r i s t i c  o f  t h e  Ea r l y  Bathonian. 

Three core ch ips were examined from t h i s  i n t e r v a l .  Two o f  the  

samples, 2,361111 and 2,364.65111, con ta in  abundant spores and po l  1 en 

and r a r e  a c r i  ta rchs  . The miospores inc lude  comnon/abundant 

bisaccate po l  1 en, Cerebropol l e n i t e s  mesozoicus and Cya th id i tes  

spp. The core ch ip  a t  2,363m conta ins abundant Sentusidinium 

verrucosum and S. r i n g n e s s i i  . This i s  a paleoevent which i s  

r e g i o n a l l y  dated as Ea r l y  Bathonian. This sample a lso conta ins 

abundant Cya th id i tes  spp. However, t h i s  i s  no t  the  paleoevent 

which occurs a t  t h e  t op  o f  the  Brent Formation where Cya th id i tes  

spp. i s  both abundant and the  dominant palynomorph present. 

Envi ronment : 

Marine, s u b l i t t o r a l .  It i s  d i f f i c u l t  t o  r e l a t e  present day 

c r i t e r i a  t o  depth o f  depos i t ion  o f  sediments, between 

2,36lm-2,37Om, based on t he  abundance, bu t  low d i v e r s i t y ,  o f  

a g g l u t i n a t i  ng f o ram in i f e r i ds .  A r e s t r i c t e d  s h e l f  environment 

would exp la in  t he  widespread nature o f  t he  fauna a t  t h i s  l e v e l .  

L o f a l d i  and Nagy (1983) recorded simi 1 ar assemblages i n  t he  

Jurassic and Cretaceous o f  southern Spitzbergen where they  r e l a t e  

h i gh  t o t a l  organic  carbon associated w i t h  a s i m i l a r  faunal  

assoc ia t ion t o  oxygen dep le t ion  o f  t he  bottom waters. 
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The presence of abundant miospores suggests a depositional 

environment close to  a t e r r e s t r i a l  source, the presence of 

dinoflagellate cysts indicates more marine conditions. 

Note : 
A more precise dating would have been achieved for the interval 

2,355m-2,361m i f  core sampl es had been avai 1 able for study. 
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4.9 2,370m-2,605m MIDDLE JURASSIC, Ear ly  Bathoni an-Early Bajocian 

(=Aal eni  an)  

L i thos t ra t ig raphy:  

( s e e  Appendix 1 - Lithol ogical  d e s c r i p t i o n s  of core  samples and 

sidewall  cores  

Brent Formati on 

Tarber t  t o  ?Ness Members 

2,370m-2,400m Dominantly - sand, f i n e  t o  coarse  g ra ined ,  angular t o  

subangul a r ,  occasional  1 y pyri  t i c  and t r a c e  organic  d e b r i s .  Core 
s amp1 e s  a t  2,383.40m and 2,393 

Ness Member 

.94m c o a l ,  bl ack. - 

2,400m-2,450~1 - Sand, as above; with sandlsandstone,  f i n e ,  angular ,  
ca lcareous  and occasional ? s i d e r i  t i c  cement; occasional 

l i g n i t e l c o a l  , black and c l  aystone,  grey and brown with organic  
d e b r i s .  

2,450m-2,4951~1 - Sand, f i n e  t o  medium and coarse  g ra ined ,  angular t o  

subrounded, occasional  c l  ays tone l s i  1 t s t o n e ,  brown with organic  

d e b r i s  a s  i n  sidewall  cores  a t  2,4511~1 and 2,492m. 

Eti ve Member 

2,495m-2,565111 - Sand, f i n e  t o  medium grained and f i n e  t o  coarse  

g ra ined ,  angul a r  t o  subrounded. Trace 1 ign i  t i c  d e b r i s .  

Rannoch Member 

2,565m-2,595111 - Sand, as above, toge ther  with sandstone,  f i n e  and 
occas iona l ly  medium grained,  micaceous, with t r a c e  l i g n i  t i c  

d e b r i s .  A t  2,580~1 t r a c e  brown do lomi t i c  or  s i d e r i t i c  matr ix .  

Broom Member 

2,595m-2,605111 - Sand, coarse  gra ined and g r a v e l ,  subrounded and a t  

2,600m sandstone,  f i n e  t o  medium grained,  angu la r .  Sidewall core  

a t  2,602111 l imestone,  l i g h t  grey,  with f i n e  o rgan ic  d e b r i s .  



The assignment o f  members of the  Brent Formation i s  based on 

samples examined, no t  pet rophys ica l  1  og data. 

B ios t ra t ig raphy  : 

2,370m-2,475m Ea r l y  Bathonian-?ear l  i e s t  Bathonian/Bajocian 

Mic ro f  auna: No i n  p l  ace m ic ro f  auna recorded through t h i  s  

i n t e r v a l  . 

M ic ro f l o ra :  Moderately d ive rse  assemblages o f  spores and po l  1  en 

occur i n  t h e  samples f rom t h i s  i n t e r v a l ,  dominated by b isaccate 

po l l en  and Gya th id i tes  spp. 

The d i t c h  c u t t i n g s  examined between 2,432.5m and 2,465m and t he  

SWC a t  2,4511~1 con ta in  abundant Per inopo l l  en i  t e s  e l  a to ides . I n  the  

nor thern Nor th  Sea t h i s  i s  a  f ea tu re  which i s  most c h a r a c t e r i s t i c  

o f  t h e  midd le  t o  upper Ness Formation a t  approximately t h e  same 

l e v e l  as t h e  incoming o f  Nannoceratopsi s  g rac i  1  i s .  However, N. 

g r a c i l i s  was no t  found u n t i l  2,475111 i n  t h i s  w e l l .  

The megaspore, ?Paxi 11 i tri 1  e tes  sp., occurs i n  t h e  same SWC as 

abundant P. e l a to i des  a t  2,451111. I n  an adjacent we l l  megaspores 

occurred a t  t h e  l e v e l  o f  t op  N. g r a c i l i s ,  which supports t h e  idea 

t h a t  t h e  t o p  occurrence o f  N. g r a c i l i s  i n  t h i s  w e l l  may no t  be 

i t s  t r u e  s t r a t i g r a p h i c  top; f o r  t h i s  reason t h e  base o f  t h i s  

i n t e r v a l  i s  dated as ?ear1 i e s t  Bathoni an/Bajoci an. 

Note: 

The t op  o f  t h i s  i n t e r v a l  i s  de f ined  by t he  pene t ra t i on  a t  2,370m 

o f  sandstones assigned t o  t h e  Brent  Formation. 



2.475m-2.595m ? E a r l i e s t  Bathoni an/Ba.ioci an-Earl v Ba.ioci an (=Aal eni  an) 

Microfauna: No microfauna recorded through t h i s  i n t e r v a l .  

Microflora:  The t o p  of t h i s  i n t e r v a l  is taken a t  t h e  downhole 

appearance of Nannoceratopsis g rac i  1 i s ,  a t  2,475111. This normally 

i n d i c a t e s  pene t ra t ion  of sediments of e a r l i e s t  Bathoni an age. 

However, as d iscussed above t h i s  may not be t h e  t r u e  t o p  of t h e  
range of N .  g r a c i l i s .  

The remainder of t h e  samples examined con ta in  long-ranging 

J u r a s s i c  miospores w i t h  b i s s a c a t e  po l len ,  Cya th id i t es  spp. and 

Classopo l l i s  to rosus  t h e  dominant forms. Rare N .  g r a c i l i s  occur 
wi thin  t h i s  i n t e r v a l .  

2,595m-2,605111 Ear ly  Bajocian (=Aalenian)  

Microf auna : No microf auna recorded through t h i s  i n t e r v a l  . 

Microf lora :  The t o p  of this i n t e r v a l  is taken a t  t h e  incoming 

downhole of common Nannoceratopsis g r a c i l i s  a t  2,595111. This is  a 
paleoevent which ~ . e g i o n a l l y  i n d i c a t e s  an Ear ly  Bajocian 

(=Aal eni  an ) age. 

The SWC a t  2,602111 from near t h e  base of this  i n t e r v a l  i s  devoid 

of pal ynomorp hs . 

Environment : 

Trans i t iona l  ; depos i t ion  of t h e  Broom, Rannoch and E t ive  Members 

was i n  a high energy marginal marine environment, whi le  t h e  
in terbedded c l a y s ,  coal  and sands of t h e  Ness Member i n d i c a t e  a 

c y c l i c  sequence. The r e t u r n  t o  a dominantly high energy marine 

regime of t h e  Tarber t  Sands may r e f l e c t  a r e t u r n  t o  marginal 

marine depos i t ion .  



The regress ive nature o f  the  Broom through t o  Ness Members i s  

r e f  1 ected i n  t h e  upward d i  sappearance o f  t h e  marine 

d i no f  1 age1 1 a te  cys t  Nannoceratopsi s  g rac i  1  i s, and the  presence o f  

1  and der i ved  megaspores i n  t h e  SWC a t  2,451m. 

Note : 

The Ea r l y  Bajocian (=Aalenian) da t ing  o f  t he  Broom Member and the 

topmost Dun l in  i n  t h i s  w e l l  suggests t h a t  the re  i s  no s i g n i f i c a n t  

s t r a t i g r a p h i c  break between these u n i t s .  



PALEOSERVICES 

4.10 2,605m-c .2,975m MIDDLE-EARLY JURASSIC, Early Bajocian (=Aalenian)-Early 

Pl iensbachian 

Li thostrat igraphy : 

( s ee  Appendix 1 - Lithol ogical descr ip t ions  of sidewall cores)  

Dun1 i n Format i on 

Drake Member 

2,605m-2,680m Claystone and s i  1 t s tone ,  grey, micromicaceous, 

p y r i t i c ,  with t r a c e  glauconite;  occasional sandstone, f i n e  

grained, angul a r  and dolomite, brown. Ditch cu t t ings  

contaminated by caving in t he  upper par t .  

Cook Member 

2,680m-2,690m Sand, f i n e  t o  medium grained, occasionally coarse,  

angular t o  subrounded. Claystone and s i l t s t o n e  as above. Some 

sand gra ins  coated with a calcareous matrix. 

2,690m-2,730m Sand f i n e  t o  medium and occasional l y  coarse 

grained and a t  2,71 Om very coarse grained, angular t o  subrounded, 

p y r i t i c  and l i g n i t i c .  Claystone, grey, i s  present throughout b u t  

i s  probably caved. 

2,730111-2,765m - Sand, as above, together  with sandstone, f i n e  and 

occasional 1y medium grained, angul a r ,  calcareous. 

Cook-Burton-Amundsen Members (undiff e r en t i  a ted)  

2,765m-2,785m Sandstone, f i n e  grained, calcareous,  interbedded 

w i t h  cl aystone, grey and 1 imestone, brown. 

2,785~1-2,805111 As above, but dominantly c l  aystone and 1 imestone. 

2,805~-2,825111 

debr i s ,  occas 

2,825m-2,840111 

f loa t ing  sand 

Dominantly claystone,  grey, with f i n e  organic 

onal - sand and limestone, brown. 

Cl aystone, grey, micromicaceous, with loose and 

f i n e  t o  coarse grained, angular t o  subrounded. 
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2,840m-2,850m Sandstone, f ine  grained, angular, calcareous, with 

cl aystone , grey and 1 i mestone, brown. 

Amundsen Member 

2,85Om-Z,915m Interbedded claystone, grey and limestone, brown, 

with occasional sand, f ine  grained, angular, py r i t i c  and 

glauconitic.  A t  2,850m rare  pseudoolites, calcareous, possibly 
chamositic. 

2,915m-c. 2,945m As above, but with more comnon sand. - 

c.2,945m-2,975111 Dominantly sand, f i n e  t o  medium in the  upper part  - 
and coarse grained and gravel in the  lower, angular to  

subrounded; interbedded claystone, grey, py r i t i c .  Calcareous 

pseudoolites/peloids occur below 2,960m. 

Biostratigraphy : 

2,605m-2,6751~1 Early Bajoci an (=Aal enian )-Toarcian 

Microfauna: This interval i s  ident i f ied  by the downhole 

appearance of a comnon and diverse fauna of ostracods, 

foraminiferids and echinoid debris  below 2,605111 which indicates  

an Early Bajocian (=Aalenian) age in the upper part  but ranging 

down in to  the  Toarcian in the  lower part ;  The diagnostic 
ostracods include Camptocythere foveolata gr .  (below 2,615m) and 

C .  a f f .  parvula (below 2,6ZOm), while the foraminiferid 

associat ion includes Nodosaria regul a r i s ,  Trochamni na squamata 

and Amnodiscus ' i nce r tus ' .  

Microflora: The f i r s t  sample examined from t h i s  in t e rva l ,  the SWC 

a t  2,607m, contains an assemblage of palynomorphs dominated by 

long-ranging miospores, a11 of which continue through from higher 

up the  well. 

The presence of abundant Nannoceratopsi s graci 1 i s  and rare  

Parvocysta sp. B. B jaerke a t  2,612.5m indicates  penetration of 

Early Bajoci an (=Aaleni an) aged sediments. 
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A d i s t i n c t i v e  group of d inof lage l  1 a t e  c y s t s  occurs  downhole 

wi thin  t h i s  i n t e r v a l  inc lud ing  Plankton Type 2 Schu l t z  and Mai 

(2,627.5m), Facetodinium i n f l  atum and Parvocysta nasuta  

(2,657.5111) and Phall  ocysta  eumekes (2,672.5m). This  a s s o c i a t i o n  

of t a x a  i n d i c a t e s  an age wi thin  t h e  range Ear ly  Bajocian 

(=Aal eni  an ) t o  Late  Toarci  an. 

2,675111-2,740111 Ear ly  Toarci  an 

Microfauna: The downhol e appearance of t h e  os t racod  Kinkel i n e l  1 a 

i n t r e p i d a  is a marker i n  t h i s  a rea  of Early Toarcian age.  The 

Early Toarcian age f o r  t h i s  i n t e r v a l  i s  based on t h e  range of 

t h i s  taxon i n  onshore sequences i n  England and i t s  f l o r a l  

a s s o c i a t i o n  i n  s i m i l a r  sequences i n  t h e  nor thern  North Ssa .  

The fauna logged i n  t h e  Cook Member, below 2,680m, may be caved. 

Microf lora :  The .assemblage from t h e  SWC a t  2 ,682~1  i s  dominated by 

long-rangi ng miospores,  and a1 so con ta ins  common Nannoceratopsis 

g r a c i l i s  and r a r e  Parvocysta nasu ta .  The presence of P. nasuta  

would suggest  an age not  o l d e r  than Late Toarcian f o r  t h e  

assemblage, however, P.  nasuta  and o t h e r  "smal 1 " di  nof 1 age1 1 a t e  

c y s t s  occur  a s  d r i l l i n g  mud contaminants i n  t h e  SWCs lower down 

t h e  we1 1 so i t s  occurrence  a t  2,682111 may .be t h e  r e s u l t  of mud 

contaminati  on. 

The d i t c h  c u t t i n g s  sample a t  2,702,5111 c o n t a i n s  comnon 

Sphaeromorph c l u s t e r s  and S p h e r i p o l l e n i t e s  spp. This  is  a 
pal eoevent which reg iona l  l y  occurs  wi thin  t h e  Ear ly  Toarci an. 

2,740m-c. 2,9OOm Late Pl iensbachi  an 

Microfauna: The t o p  of  t h i s  i n t e r v a l  i s  recognised by t h e  

downhole appearance of Ogmoconchella g r .  a d e n t i c u l a t a  which is  a 

regional  and c o r r e l a t a b l e  marker. The t o p  occurrence  of 

Ogmoconchel 1 a has been taken convent ional  l y  a s  Late  Pl i ensbachi an 

a1 though t h e r e  a r e  an i n c r e a s i n g  number of r ecords  of t h i s  genus 

from onshore sequences i n  t h e  basal  Toarcian ( D .  t enuicosta tum 



ammonite zone). The conventional dating i s  used in t h i s  report 

so that  consistent correlation can be drawn with other wells in 

the area. 

Other significant  local markers within the Late Pliensbachian are 

the top occurrence of Gastropods (below 2,770m) ,Ogmoconchel la 

aequal i s  (1 arge) (below 2,780m). with brown 1 i mestone at  2,785mY 

and 1 arge Ogmoconchas, including 0. contractula and 0. amal thei 

intercedens (below 2,825m) together with cl aystone with loose 

sand. 

Two other events present which are of regional significance are 

marked by taxa which do not range elsewhere above the A. 

margaritatus ammonite zone (lower part of the Late 

Pl iensbachi an). These are i 1 the Ogmoconchel l a  transversa 1 eve1 

a t  2,845111 which i s  just  below the downhole appearance of 

Dentalina matutina and an influx of Lenticul i na muensteri and 

just above a level with pseudo01 i t e s ,  and i i  ) the Wicherella 

semiora level which occurs a t  2,8651~1. This the lowest recognised 

event i n  the Late Pliensbachian of t h i s  area. 

Microflora: Most of the  taxa recorded higher up the well continue 

through t h i s  interval . Nannoceratopsi s graci 1 i s  occurs 

consistently through t h i s  interval and t h i s  would indicate an age 

not older than Late Pliensbachian. However, t h i s  taxon occurs i n  

the ditch cutt ings to  the base of the well and as a d r i l l i ng  mud 

contaminant i n  some of the deeper SWCs. This makes the use of 

the base of the range of N. graci 1 i s  unreli able i n  this we1 1 . 

The di nof 1 age1 1 a te  cyst  Leuhndea spinosa appears downhol e at  

2,777.5m. This taxon which occasionally ranges up in to  the Early 

Toarcian i s  most character is t ic  of the Late Pliensbachian. 

The presence of rare  Dapcodinium semitabulatum i n  the SWC a t  

2,787111 would be consistent with a Late Pl iensbachian age. 



The pol len Cerebropol leni t e s  th iergar t i  i occurs downhole a t  

2,867.5m; th i s  taxon i s  most characterist ic  of Early Jurassic,  

Pl iensbachian or older,  sediments. 

c.2,900m-c.2,975m Early Pliensbachian 

Microf auna: The downhol e appearance of the ostracod Gammacythere 

ubiquita i s  a regional event which occurs at  c.2,900m in t h i s  

well. This taxon i s  res t r ic ted  to  the Early Pliensbachian 

throughout northern Europe. 

The sandy lower part of the Amundsen Member in t h i s  area also 

contains two events which are correl atable regionally. These are 

the occurrence of common Ogmoconcha amalthei gr. at  2,925m and 

the Kinkelinel l a  spp. event a t  2,955m. The l a t t e r  has been shown 

in t h i s  and one other well in the area to  include taxa which do 

not range below the Pliensbachian, e.g. Kinkel inel la  cf .  

elongata. 

Note : 

Microf 1 ora: Nannoceratopsi s graci 1 i s  occurs in a1 1 the samples 

examined through t h i s  interval including the SWC a t  2,916m, b u t  

as explained above the base of i t s  range in t h i s  well cannot be 

used for  age dating. 

Most of the taxa present continue through from the overlying 

intervals .  Lycopodiacidites rugulatus which appears downhole at  

2,927.5m i s  a character is t ic  Early Jurassic taxon. A strong 

fresh/bracki sh water influence i s  indicated in the SWC (2,916m) 

where common Botryococcus s p .  occurs. 

Previously Paleoservices Ltd. reported that  the base Amundsen in 

t h i s  area may be as old as Sinemurian, but i t  i s  now suggested 

that  the Dun1 in-Statf jord boundary i s  approximately coincident 

with the Pl iensbachian-Sinemuri an boundary. 



Envi ronment : 

2,605m-2,680111 Marine, sub1 i t toral  . The diverse fauna i s  typical 

of a well oxygenated shelf "environment" and may be regarded a 

"pro deltaic" on the regional evidence. 

2,680111-c.2,765m Marine, l i t to ra l  -sublittoral. High energy 

deposition of sands took place throughout this  interval. The 

presence of a marine fauna only in the lower part and the upward 

increase of l i  gni t i c  debris highlights the regressive nature of 

the unit, 

c.2,765m-c.2,975m Marine, subli t toral  , possibly 1 i t toral  in the 

l o ~ e s t  part. The diverse fauna1 assemblage suggests a well 

oxygenated "shelf" environment. The transgressive nature of the 

Amundsen Member i s  shown by the shallower water coarse sands 

which pass upwards into fine sands and subsequently into 

sequences dominated by deeper water lower energy shales and 

limestones. The level with pseudoolites at 2,550m correlates 

throughout much of the northern North Sea with a level of 

chamositic pseudoolites which probably indicates a period of 

extremely slow or non deposition. 

The chamositic pseudoolite level mentioned above can be used in 

correlation as i t  probably reflects a time of eustatic 

readjustment or sea level change. Similarly the level of 

pseudoolites just above or at  the top of the Cook Member can be 

correlated with a similar event in other areas of the northern 

North Sea. In block 34 i t  i s  a1 so noted that sand grains coated 

with a calcareous matrix (calcareous peloids) are a prominent 

event near the base of the Amundsen (c.Z,96Om) ; this  unusual 

sediment type may a1 so represent another period of slower 

sedimentati on. 

A fresh/brackish water influence i s  indicated a t  2,916111 within 

the Amundsen Member. 



Note : 

The lower part of the Amundsen i s  obviously transgressive on the 

t o p  Statfjord b u t  there i s  no paleontological/palyno1ogical 
evidence for an unconformity at this  level. 
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4.11 c.2,975m-3,025~1 EARLY JURASSIC, Sinemurian 

Lithostratigraphy : 

Statf  jord Formation 

(see Appendix 1 - Lithol ogical description of sidewall cores) 

2,975m-3,005m - Sand, f ine t o  coarse grained, dominantly angular, 

clean, t race pyri te and l i gn i t i c  debris. Sidewall cores at  

2,977~1 and 2,979m s i l t s tone ,  grey and - marl, grey. 

3,005m-3,032m Sands, simi 1 a r  to  those above together with more 

mica and beds of si l ts tone and claystone, grey and brown, with 

very f ine  organic debris. 

Biostratigraphy: 

Microfauna: The microfauna present in t h i s  interval i s  presumed 

to  be caved. 

Microflora: All the taxa present contfnue through from higher up 

the well . The pol 1 en Cerebropoll eni t e s  mesozoicus occurs in two 

of the four SWCs a t  2,979111 and 3,008m and in the  l a s t  sample 

examined from t h i s  interval .  Even though C .  mesozoicus i s  

reported t o  occur occasionally in the Hettangian i t s  presence i s  

much more characteri s t i c  of sedi ments of Si nemuri an or younger 

age. The presence of C. mesozoicus combined w i t h  the absence of 

any def in i t e  Hettangi an palynornorphs suggests an age not older 

than Sinemurian fo r  t h i s  in terval .  

Environment : 

Marine , 

Note : 

The comb 

evidence 

i t t o r a l  -subli t to ra l  , 'near shore' ,  high energy. 

nation of the microfloral and l i  thostratigraphical 

suggests a Sinemuri an age fo r  this interval .  



STAGE TERMINOLOGY FOR THE JURASSIC AND 

TRIASSIC AS USED BY PALEOSERVICES LTD. IN THIS REPORT. 

KlMMERlDGlAN I 
S.L. I 

OXFORDIAN 

CALLOVIAN 

BATHON IAN 

TOARCIAN 

PLIENSBACHIAN 

SlNEMURlAN 

HETTANGIAN 

RHAETIAN 

NORIAN 

KARNIAN 

I LATE 

I MIDDLE 

I EARLY 

KlMMERlDGlAN sS. 
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APPENDIX 1 

Li thological descriptions of core sampl es 

Depth Core - Sample Qua1 i ty  Analyses Li tho1  ogy 
No. - Size 

2,343.93m- 2,344~1 1 5x3cm VG M.N.P. 

VG M.:(.P. 

VG M.P. 

Limestone, 1 ight brown, 

oi 1 stai  ned: abundant 

fine shell debris: 

sty1 01 i tes.  

Limestone and marl ; 

light green marl with 

1 ight brown nodul ar and 

in part pebbly 

1 imestone, abundant 

pyrite and trace 

gl auconi te .  One 1 arge 

pebbl e appears t o  have 

sheath of crystal 1 ine 

calcite.  

Claystonelsi 1 tstone, 

interlaminated; black, 

micaceous with "organic 

debris" and trace 

gl auconi t e  and pyrite, 

non calcareous . 

Claystone, s i l t y  in 

part, black, micaceous, 

f ish debris with 

pyrite, non calcareous. 
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Claystone, black, trace 

si 1 t, micaceous, 

pyritic, non 

calcareous. 

Claystone, black often 

silty, rnicaceous common 

fish debris including 

scales, pyritic, non 

calcareous . 

Claystonelsiltstone, 

dark grey-black, 

rnicromicaceous, very 

fine organic debris, 

non calcareous, 

occasional pyrite. 

Claystone/Siltstone, 

as above. 

Claystone/Si 1 tstone, 

as above, very pyritic. 

Coal, black and - 
cl aystone, coal , 
pyritic. 

Coal, as above. - 
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Lithol oaical d e s c r i ~ t i o n s  of sidewall cores 

Depth Sample - Si ze Qua1 i t y  Analyses L i t  hol ogy 

1 .5cm VG M.P. Claystone, green, t r ace  

mica, very f i n e  organic 

debr i s  . 

1 .5cm VG M.P. Claystone, as above. 

1.5m VG M.P. Claystone, as above. 

1 .Om MP M.P. Claystone and 

s i  1 t s t one ,  medium grey, 

non calcareous, very 

f i n e  organic debris .  

0.5m MP M.P. Claystone, as above. 

0.5m MP M.P. Claystone, grey, 

calcareous in  par t .  

M 0.5m M . N .  Limestone, very l i g h t  

buff ,  m i c r i t i c ,  comon 

bivalve debris .  

M.P. Sandstone, vfU, 

angul a r ,  cl  ean , with 

laminae of black 

organic debris .  Mud 

contami na t i  on. 

M.P. Claystone, dark brown 

and black, 

s l  ickensided, abundant 

organic debr i s .  



0.75~1 P P .  Claystone/si 1 t s tone ,  

medium brown, very f i n e  

mica and organic 

debris .  Mud 

coniaminati on. 

0.70111 G P .  

1 .50m VG M.P.  

0.75m MG M.P. 

Limestone, very 1 ight 

grey, f ine  organic 

debris .  

Claystone, black, very 

organic. 

Claystone, medium dark 

grey, non calcareous, 

occasional mica 

pyr i t i c .  

Claystone, s i l t y ,  grey, 

m i  caceous , very f i n e  

organic debris ,  

echinoid fragments. 

Claystone, as above, 

mud contamination. 

Claystone, grey, non 
calcareous. 

Si l t s tone ,  grey clay 

matrix, s l i g h t l y  

calcareous, micaceous. 

occasional f 1 oa t i  ng 

sand grains. 
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0.75111 G P.  Marl, grey, f rac tured ,  

t r a c e  organic debris  . 

Analyses type 

M = Micropaleontology 

N = Nannoplankton 

P = Palynology 

Sampl e qua1 i t y  VG = Very good 

G = Good 

MG = Moderately good 

MP = Moderately poor 

P = Poor 

S i l  t s tone ,  grey, c lay 

matrix,  micaceous, very 

f i n e  organic debr i s .  

Claystone, dark grey, 

non calcareous. 








