
ROBERTSON RESEARCH INTERNATIONAL LIMITED 

REPORT NO. 2973PlA 

STATOIL 3013-3 NORWEGIAN NORTH SEA WELL: 

BIOSTRATIGRAPHY OF THE INTERVAL 1900m - 3418m 

J. P. G. FENTON 

P. FRAME 

N. H. MILES 

A. J. SHAW 

D. J. SHIPP 

project No. R D S / ~ ~ ~ / A /  1058 1 

Prepared by: 

Robertson Research 

International Limited, 

Llanrho S, 

Llandudno, 

Gwynedd LL30 1 SA, 
North Wales, U.K. 

Prepared for: 

Statoil a.s., 

P.O. Box 300, 

400 1 S tavanger , 
Norway. 

September 1983 



CONTENTS - 
SUMMARY 

INTRODUCTION 

BIOSTRATIGRAPHIC SUCCESSION 

LITHOSTRATIGRAPHXC SUCCESSION 

B10 STRATI GRAPHY 

( 1 )  TERTIARY 

( 2 )  CRETACEOUS 

(3 )  CRETACEOUS - JURASSIC 

( 4 )  JURASSIC 

GEOLOGICAL HISTORY 

V 1 1 1  SELECTED REFERENCES 

Appendices 

Appendix 1 L i t h o l o g i c a l  Desc r ip t ions  of Sidewall  Cores  

Appendix 2  L i t h o l o g i c a l  Desc r ip t ions  of Core P i e c e s  

Appendix 3  Rhaet ian  - Volgian Dinocyst Zonat ion 

F i g u r e s  

F igu re  1 Legend 

F i g u r e s  2-10 B i o s t r a t i g r a p h i c  Ana lys i s  Cha r t s  

(Di tch  Cut t ings)  Nos. 1-5 

F i g u r e s  11-13 B i o s t r a t i g r a p h i c  Ana lys i s  Cha r t s  

(S idewal l  Cores and Cores) Nos. 1-2 

Enclosure 

Enclosure 1  Summary Log ( 1  500 Sca le)  

Page No. 

1 



SUMMARY 

1. The youngest sediments analysed i n  t h i s  w e l l  a r e  s h a l e s  and t u f f  S of Late  

Palaeocene age, ass ignable  t o  t h e  Rogaland Group, Balder Formation. 

2.  Shales of t h e  Se le  Formation and t h e  arg i l laceous /arenaceous  L i s t a  

Formation under l i e  the  Balder Formation and r e s t  conformably upon t h e  

ca lcareous  Montrose Group, Maureen Formation Equivalent  of Ear ly  

Palaeocene, Danian age. 

3 .  The Ear ly  Palaeocene, Danian r e s t s  unconformably upon t h e  a r g i l l a c e o u s  

Shetland Group of Late Cretaceous, l a t e  Maas t r icht ian  - Maas t r i c t i an  t o  

Santonian age. 

4.  An unconformity sepa ra te s  t h e  Shetland Group from t h e  underlying Lower 

Cretaceous, Cromer Knoll Group of middle Albian - Barremian age. 

Sediments of t h i s  age a r e  represented  by  a condensed sequence of 

c lays tones  and limestones. 

5. The Cromer Knoll  Group r e s t s  unconformably upon a n  e s s e n t i a l l y  

a r g i l l a c e o u s  sequence of e a r l y  Ryazanian - l a t e  Volgian t o  e a r l y  Cal lovian  

age,  ass ignable  t o  t h e  Humber Group, Kimmeridge Clay and Heather 

Formations. 

6 .  Shales of t h e  Heather Formation rest unconformably upon a t h i n  development 

of the  arenaceous Tarbert  Formation of t h e  Brent Group, of Middle 

J u r a s s i c ,  e a r l y  Bathonian - l a t e  Bajocian age. 

7. A probable unconformity sepa ra te s  t h e  Tarber t  Formation from t h e  

underlying Ness Formation of middle - e a r l y  Bajocian age. 

8. The l i t h o l o g i c a l l y  v a r i a b l e  Ness Formation i s  conformably under la in  by  t h e  

predominantly arenaceous, Unassigned U n i t  of middle - e a r l y  Bajocian t o  

e a r l i e s t  Ba joc ian  - middle Toarc ian  age. 



9. The Unassigned Unit r e s t s  with apparent conformity upon t h e  Dunlin Group, 

Drake Formation which rests upon a n  intra-Pliensbachian "Sand Unit" and a 

Pliensbachian - Sinemurian "Shale Unit". 

10. The wel l  terminated wi th in  t h e  arenaceous S t a t f j o r d  Formation of probable 

Sinemurian age. 



INTRODUCTION 

Thi  S r e p o r t  m a r i  s e s  t h e  r e s u l t  S of t h e  micropalaeonto logica l ,  pa lynologica l  

and s t r a t i g r a p h i c a l  ana lyses  which have been  c a r r i e d  out on m a t e r i a l  rece ived  

from t h e  s e c t i o n  1900m-3418m from t h e  S t a t o i l  3013-3 Norwegian North Sea Well 

under P r o j e c t  No. RRPS/834/A/10581. 

The following ana lyses  were c a r r i e d  out :  

Li thology:  300 d i t c h  c u t t i n g s ,  33 s idewal l  co re  and 4 co re  samples from t h e  

e n t i r e  sect ion.  

Micropalaeontology: 146 d i t c h  c u t t i n g s  and 9 s idewal l  c o r e  samples from t h e  

i n t e r v a l  1900m-3380m. 

Palynology: 64 d i t c h  c u t t i n g s ,  25 s idewal l  c o r e  and 4 c o r e  samples from t h e  

i n t e r v a l  2500m-34 l8m. 

The b a s i c  breakdown obtained by  t h e s e  a n a l y s e s  h a s  a l r eady  been  communicated by 

t e l e x  and telephone and forms t h e  framework of f a c t u a l  in format ion  on which t h i s  

r e p o r t  i s  based. A summary of t h e  sequence penet ra ted  i n  t h i s  we l l  c a n  b e  seen 

on pages 5 and 6 .  

A l l  rock co lour  r e f e rences  i n  t h i s  r e p o r t  conform t o  t h e  "Rock-Color Chart" 

d i s t r i b u t e d  by t h e  Geological  Soc ie ty  of America. The l i t h o l o g i c a l  d e s c r i p t i o n s  

of t h e  s idewal l  c o r e s  can  b e  seen  i n  Appendix 1 ,  w h i l s t  t hose  of t h e  c o r e  

samples occur i n  Appendix 2.  

It should be noted t h a t  t h e  l i t h o s t r a t i g r a p h i c  terminology i S taken  from Deegan 

and S c u l l  (1977). The s t r a t i g r a p h i c  s ign i f i cance  of t h e  Rhaet ian  - Volgian 

d inocys t  zones i s  summarised i n  Appendix 3. 

The prepared samples and recorded informat ion  a r e  now f i l e d  and cura ted  i n  t h e  

c o n f i d e n t i a l  r e c o r d s  s ec t  i o n  of t h e s e  l a b o r a t o r i e s .  
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BIOSTRATIGRAPHIC SUCCESSION 

Top S 

La te  Palaeocene 1900m(top not seen) 

E a r l y  Palaeocene Danian 2170m 

( l a t e  Maa s t r i c h t i a n  - Maas t r i ch t i an  2210m 
( 
( e a r l y  Maas t r i ch t i an  2280111 
( 

L a t e  Cretaceous ( l a t e  Campanian 2340m 
( 
( e a r l y  Campanian 2425111 
( 
( Santonian 2652.5Om 

Ear ly  Cretaceous middle Alb ian  - Barremian 2655m 

La te  J u r a s s i c  

E a r l y  Cretaceous - 
La te  J u r a s s i c  

( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 

e a r l y  Ryazanian - l a t e  Volgian 

middle - e a r l y  Volgian 

Kimmeridgian 

e a r l y  Kimmeridgian - middle Oxfordian 

e a r l y  Oxfordian 

l a t e  Ca l lov ian  

middle Ca l lov ian  

e a r l y  Ca l lov ian  



Middle - Ear ly  J u r a s s i c  
e a r l i e s t  Bajocian - middle Toarc ian  3070m 

( e a r l y  Toarc ian  3 186m( SWC) 
Ear ly  J u r a  s s i c  ( 

( l a t e  P l i ensbach ian  - Sinemurian 3220m(SWC)- 
3418m 

T h i s  breakdown has  been  achieved by t h e  a n a l y s i s  of d i t c h  c u t t i n g s ,  s idewal l  

c o r e  and co re  p iece  samples. E l e c t r i c  log  informat ion  w a s  made a v a i l a b l e .  



Uni t  S 

Rogaland Group: 

Balder Formation 

S e l e  Formation 

L i s t a  Formation 

I V  

LITAOSTRATIGRAPHIC SUCCESSION 

Montrose Group: 

Maureen Formation Equivalent  

Shet land Group: 

Cromer Knoll Group: 

Humber Group: 

Kimmeridge Clay Formation 

Heather Formation 

Brent Group: 

Ta rbe r t  Formation 

Ness Formation 

Unassigned U n i t :  

La t e  Palaeocene 

La te  Palaeocene 

La te  Palaeocene 

E a r l y  Palaeocene, Danian 

l a t e  Maas t r i ch t i an  - 
Maas t r i ch t i an  t o  Santonian 

middle Albian - Barremian 

e a r l y  Ryazanian - l a t e  

Volgian t o  Kimmeridgian 

Kimmeridgian - e a r l y  

Cal lovian  

e a r l y  Bathonian - l a t e  

Ba joc i an  

middle - e a r l y  Bajocian 

middle - e a r l y  Bajocian 

t o  e a r l i e s t  Bajocian - 
middle Toarc ian  

Top S 

1900m(top not  seen) 

2006m(log) 

2070m 

3O34m( log)  



Dunlin Group: 

Drake Formation 

"Sand Unit" 

"Shale Unit" 

S t a t f  jord Formation 

e a r l i e s t  B a  j o c i a n  - 
middle Toarcian t o  l a t e  

P l i ensbach ian  - Sinemurian 

l a t e  P l iensbachian  - 
Sinemurian 

l a t e  P l i ensbach ian  - 
Sinemurian 

l a t e  P l iensbachian  - 
Sinemurian 



L I THO STJUTI W H Y  

The l i t h o s t r a t i g r a p h i c  nomenclature used i n  t h i s  r e p o r t  i s  t a k e n  from Deegan and 

S c u l l  (1977). Wirel ine l o g s  were provided f o r  use  i n  t h e  s tudy and a l l  b u t  four  

of t h e  l i t h o s t r a t i g r a p h i c  boundar ies  a r e  based on log  breaks.  

A l l  dep ths  quoted a r e  uncorrected d r i l l e r s  dep ths  u n l e s s  o therwise  s t a t e d .  

LITHOSTRATIGRAPHIC UNITS 

ROGALAND GROUP: 1900m(top not seen)-2170m; Age: La te  Palaeocene. 

Balder  Formation: lgOOm( t o p  not seen)-2006m(log). 

The predominant l i t h o l o g i e s  i n  t h i s  u n i t  a r e  s h a l e s  which are l i g h t  grey t o  

g r e e n i s h  g rey ,  g rey i sh  red and micromicaceous. The s h a l e s  become mainly medium 

g r e y  below 1980m. Subordinate  t u f  faceou S sha le  S a r e  recorded throughout and 

become p a r t i c u l a r l y  common below 1985m; t h e s e  sediments a r e  g r e y  and white ,  waxy 

and rubbly. 

P y r i t e  and s i d e r i t e  a r e  common a c c e s s o r i e s  throughout and t r a c e s  of hard,  p a l e  

orange l imestone a r e  considered t o  r ep re sen t  s t r i n g e r s  o r  concre t ions .  

S e l e  Formation: 2006m(log)-207h. 

The upper boundary of t h i s  formation i s  based on a log  break.  The l i t h o l o g i e s  

comprise s h a l e s  which a r e  weakly f i s s i l e ,  f i n e l y  laminated and medium da rk  grey. 

Trace S of l imestone,  s i d e r i t e  and p y r i t e  occur throughout.  L i t h o l o g i e s  a r e  

masked by cas ing  cement and l o s t  c i r c u l a t i o n  m a t e r i a l  between 2050m and 2065m. 

L i s t a  Formation: 2070m-2 l 7 b .  

The upper l i m i t  of t h i s  u n i t  i s  marked by a n  i n f l u x  of f i n e  t o  medium gra ined ,  

l o o s e  sand i n  d i t c h  c u t t i n g s  samples. Sha le s  remain t h e  predominant l i t h o l o g y ;  

t h e s e  a r e  medium dark  grey  t o  o l i v e  grey and g reen i sh  grey ,  micromicaceous and 

non-laminated. Traces of g l aucon i t e ,  s i d e r i t e ,  p y r i t e  and l imestone a r e  

recorded. Fragment S of l ime s tone become p a r t i c u l a r l y  common below 2 E O m ,  

c o n s i s t i n g  of hard,  medium grey ,  s l i g h t l y  a r g i l l a c e o u s  l imes tone  and probably 



r ep re sen t ing  s t r i n g e r s  o r  concret ions.  

MONTROSE GROUP: 2170m-2210m; Age: Ea r ly  Palaeocene, Danian. 

Maureen Formation Equivalent  

The upper boundary of t h i s  format ion  i s  based on  t h e  i n c r e a s e  i n  t h e  ca l ca reous  

na tu re  of t h e  shales .  These s h a l e s  a r e  o l i v e  grey  t o  medium grey  and weakly 

ca lcareous ,  becoming medium l i g h t  grey  and moderately ca l ca reous  below 2185m. 

Traces  of c r y s t a l l i n e  c a l c i t e  and g l aucon i t e  a r e  recorded wi th  subord ina te ,  

l i g h t  brownish grey  l imes tone  below 2185m. Glauconite  g r a i n s  become abundant 

below 2205m. 

SHETLAND GROUP: 2210m-?2655m; Age: L a t e  Cretaceous, l a t e  M a a s t r i c h t i a n  - 
M a a s t r i c h t i a n  t o  Santonian. 

The upper l i m i t  of t h i s  u n i t  i s  based on  a n  i n f l u x  of whi te ,  s l i g h t l y  chalky 

l imestone i n  t h e  d i t c h  c u t t i n g s  samples a t  2210m. Wirel ine l o g  evidence 

suggest S a depth of 2211m f o r  t h e  top of t h i s  l imestone.  T h i s  discrepancy i s  

explained by t h e  d i f f e r e n c e  between d r i l l e r s  and l o g g e r s  depths ,  which may b e  a s  

much a s  4m. Calcareous c l ays tones  a r e  t h e  predominant l i t h o l o g y  below 2215m. 

These sediments a r e  medium grey  t o  g r e e n i s h  grey ,  o l i v e  grey  and micromicaceous. 

T races  of g l aucon i t e ,  p y r i t e ,  c a l c i t e  and common m i c r o f o s s i l s  a r e  recorded 

throughout.  Subordinate  l imestone s t r i n g e r s  occur  spo rad ica l ly ,  cons i s t i ng  of 

wh i t e  t o  l i g h t  grey  l imestone.  A t h i c k e r  development of p a l e  brown l imes tone  i s  

ind ica t ed  i n  w i r e l i n e  l o g s  between 2412m(log) and 2424.50m(log). 

T races  of f i n e ,  l oose  sand a r e  recorded i n t e r m i t t e n t l y  throughout,  probably 

r ep re sen t ing  t h i n  s t r i n g e r s  of sandstone. Rare s i d e r i t e  o c c u r s  below 2590111 and 

becomes abundant below 2650m. 

CROMER KNOLL GROUP: ?2655m-2664m(log); Age: Ea r ly  Cretaceous, middle Alb ian  - 
Barremian. 

The upper boundary of t h i s  u n i t  i s  t e n t a t i v e l y  placed a t  2655m, based on 

b i o s t r a t i g r a p h i c  evidence. No change i n  l i t h o t y p e  i s  observed u n t i l  a depth  of 

2560m, where fragments of whi te  t o  very l i g h t  grey  l imes tone  a r e  recorded,  

probably represent ing  the  o l d e r  p a r t  of t h i s  i n t e r v a l .  



Calcareous  c l ays tones  a r e  t h e  predominant l i t ho logy ;  t h e s e  sediments a r e  medium 

g rey  t o  medium dark g rey  with t r a c e s  of c a l c i t e ,  p y r i t e  and sand. Minor white  

t o  very l i g h t  grey  l imes tones  occur a t  2659m(log) and between 2662m(log) and 

2664m(log). 

HUMBER GROUP: 2664m(log)-2977.50m(log); Age: Ea r ly  Cretaceous - La te  J u r a s s i c ,  

e a r l y  Ryazanian - l a t e  Volgian t o  La te  J u r a s s i c ,  e a r l y  Callovian. 

Kimmeridge Clay Formation: 2664m(log)-2780m(log); Age: Ea r ly  Cretaceous - Late  

J u r a s s i c ,  e a r l y  Ryazanian - l a t e  Volgian t o  La te  J u r a s s i c ,  Kimmeridgian. 

The upper boundary of t h i s  formation i s  based on a l og  b reak  r e f l e c t i n g  a change 

i n  l i t h o t y p e  t o  t h e  b lack  s h a l e s  t y p i c a l  of t h e  Kimmeridge Clay Formation. Due 

t o  t h e  discrepancy between d r i l l e r s  and l o g g e r s  depths ,  however, t h e s e  s h a l e s  

a r e  f i r s t  recorded i n  t h e  d i t c h  c u t t i n g s  sample a t  2662.50m. 

The s h a l e s  a r e  f i s s i l e ,  o l i v e  b l a c k  t o  brownish b l a c k ,  dark  g rey ,  micromicaceous 

and non-calcareous. Traces  of p y r i t e ,  s i d e r i t e ,  carbonaceou S m a t e r i a l  and sand 

occur  spo rad ica l ly  throughout. Increas ing  amount S of medium grey  sha l e  with 

subord ina te  brownish grey  l imes tone  a r e  recorded below 2755m, wi th  abundant 

sphae ros ide r i t e  between 2755m and 2765m. 

Heather  Formation: 2780m(log)-29 7 7 . 5 h ( l o g )  ; Age : La te  J u r a s s i c ,  Kimmeridgian t o  

e a r l y  Callovian. 

The upper l i m i t  of t h i s  u n i t  i s  based on a log  break  marking t h e  top of a 

sequence of s h a l e s  and minor l imes tones  wi th  a lower gamma r a y  response t h a n  

t h a t  of t h e  overlying Kimmeridge Clay Formation shales .  

The s h a l e s  a r e  f i s s i l e ,  medium grey  t o  dark  grey ,  o l i v e  b l a c k ,  micromicaceous 

and l o c a l l y  h ighly  micaceou S. Sub o r d i n a t e  l ime s tones  a r e  brownish grey wi th  

c a l c i t e ,  probably r ep re sen t ing  s t r i n g e r s  o r  concre t ions .  Fragment S of l imes tone  

become inc reas ing ly  common i n  d i t c h  c u t t i n g s  samples below 2840m. Shale  i s  

p re sen t  i n  subordinate  q u a n t i t i e s  down t o  2830m, below which depth  s h a l e s  become 

t h e  predominant l i t ho logy .  These s h a l e s  a r e  brownish grey t o  dark grey ,  o l i v e  

b l a c k  and micaceous, l o c a l l y  becoming s l i g h t l y  s i l t y  and dusky yellowi sh brown. 

0 
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P y r i t e  and c a l c i t e  a r e  common throughout and abundant s p h a e r o s i d e r i t e  i s  

recorded a t  2890m and from 2910m t o  2935m. 

BRENT GROUP: 2977.50m(log)-3034m(log); Age: Middle J u r a s s i c ,  e a r l y  Bathonian - 
l a t e  Bajoc ian  t o  middle - e a r l y  Bajocian. 

Ta rbe r t  Formation: 2977.50m(log)-2991m(log); Age: Middle J u r a s s i c ,  e a r l y  

Bathonian - l a t e  Bajocian. 

T h i s  formation comprises a r g i l l a c e o u s  sandstone, which i s  w e l l  cemented, medium 

l i g h t  grey ,  very f i n e  t o  f i n e  gra ined  and micaceous wi th  carbonaceous fragments. 

Arg i l l aceous  p a r t i n g s  of medium dark  grey ,  micaceous sha le  a r e  present  l o c a l l y .  

Ness Formation: 2991m(log)-3034m(log); Age: Middle J u r a s s i c ,  middle - e a r l y  

B a  jocian. 

T h i s  u n i t  compri s e s  a sequence of sandstones interbedded w i t h  sha le  S, 

c l a y  s tone S, c o a l s  and a r g i l l a c e o u s  sandstone S. 

Between 2991m(log) and 3OOOm(log), brownish grey  and o l i v e  b l a c k  c l a y  s tones  

predominate, wi th  minor c o a l s  and sandstones.  From 3000m(log) t o  3017m(log), 

sandstones become t h e  main l i t h o l o g y  and t h e s e  sediment s a r e  white ,  f i n e  t o  

medium gra ined  and k a o l i n i t i c  w i th  r a r e  coa r se  g r a i n s .  S h a l e s  and c o a l s  

dominate t h e  s e c t i o n  from 3017m(log) t o  3028m(log) w i th  sandstones and s h a l e s  

comprising t h e  remainder of t h e  i n t e r v a l .  A c o a l  marks t h e  b a s e  of t h i s  un i t .  

UNASSIGNED UNIT: 3034m(log)-3116m(log); Age: Middle J u r a s s i c ,  middle - e a r l y  

Bajoc ian  t o  Middle - Ear ly  J u r a s s i c ,  e a r l i e s t  Bajoc ian  - middle Toarcian. 

T h i s  i n t e r v a l  has  a s i m i l a r  log  c h a r a c t e r  t o  t h e  sand u n i t  which i s  u s u a l l y  

ass igned  t o  t h e  EtiveIRannoch Formations i n  t h i s  a r e a  of t h e  North Sea. 

B i o s t r a t i g r a p h i c  evidence sugges ts ,  however, t h a t  t h e  lower p a r t  of t h i s  sand i s  

o l d e r  t han  nearby Brent Group sediment S, hence t h i s  u n i t  h a s  not been ass igned  

t o  t h e  Brent Group. 



The predominant l i t h o l o g y  i s  sandstone which i s  whi te  t o  p ink i sh  grey,  f i n e  

tocoa r  se gra ined ,  k a o l i n i t i c ,  micaceous and l o c a l l y  weakly ca lcareou  S. Minor 

a r g i l l a c e o u s  i n t e r b e d s  a r e  i nd ica t ed  on w i r e l i n e  log S, c o n s i s t i n g  of sha le  S 

which a r e  brownish grey  t o  dark  grey and micromicaceous wi th  r a r e  carbonaceous 

fragment S. 

DUNLIN GROUP : 3 116m(log )-3387m(log) ; Age : Middle - Ear ly  J u r a  s s i c ,  e a r l i e s t  

Bajoc ian  - middle Toarc ian  t o  E a r l y  J u r a s s i c ,  l a t e  P l i ensbach ian  - Sinemurian. 

One formation and two informal  u n i t s  a r e  recognised w i t h i n  t h i s  group. 

Drake Formation: 3116m(log)-3241m(log); Age: Middle - Ear ly  J u r a s s i c  e a r l i e s t  

Bajoc ian  - middle Toarc ian  t o  E a r l y  J u r a s s i c ,  l a t e  P l i ensbach ian  - Sinemurian. 

T h i s  formation c o n s i s t s  predominantly of s h a l e s  which a r e  d a r k  ye l lowish  brown 

t o  dark grey  and o l i v e  b l a c k  t o  o l i v e  grey ,  micromicaceous, l o c a l l y  s i l t y  wi th  

r a r e  carbonaceous fragments and p y r i t e .  A minor sandstone u n i t  i s  recorded 

between 3152m(log) and 3166m(log). These sediments a r e  f r i a b l e ,  l i g h t  grey  t o  

whi te ,  very f i n e  t o  medium gra ined  and k a o l i n i t i c  with t r a c e s  of p y r i t e .  

"Sand Unit": 3241m(log)-3288m(log); Age: E a r l y  J u r a s s i c ,  l a t e  P l i ensbach ian  - 
Sinemurian. 

T h i s  u n i t  comprises sandstones which become f i n e r  gra ined  and inc reas ing ly  

a r g i l l a c e o u s  wi th  depth. The sandstones a r e  white ,  f i n e  g ra ined  and k a o l i n i t i c ,  

l o c a l l y  w i t h  ca l ca reous  cement, becoming very pa le  orange t o  dark ye l lowish  

brown and very f i n e  grained wi th  minor sha l e  pa r t i ngs .  

"Shale Unit": 3288m(log)-3387m(log); Age: Ea r ly  J u r a s s i c ,  l a t e  P l i e n B a c h i a n  - 
Sinemurian. 

The predominant l i t h o l o g y  i n  t h i s  u n i t  i s  sha le  which i s  o l i v e  b l ack ,  micaceous 

and l o c a l l y  very  weakly ca l ca reous  wi th  carbonaceous fragment S. Below 

3346m(SWC), t h e  s h a l e s  become dusky ye l lowish  brown micaceous and l o c a l l y  sandy, 

grading i n t o  a r g i l l a c e o u s  sandstone. Rare, fragments of l imes tone  and c a l c i t e  

a r e  recorded between 3330111 and 3345m, probably r ep re sen t ing  s t r i n g e r s  o r  

concre t ions .  

Traces  of white ,  f i n e  grained sandstone occur  below 3376m(SWC). 



STATFJORD FORMATION: 3387m(log)-3418m; Age: Ea r ly  J u r a s s i c ,  l a t e  P l iensbachian  - 
Sinemurian. 

The upper boundary of t h i s  formation i S marked by  a n  i n f l u x  of f i n e  t o  coa r se  

gra ined  sand. Th i s  i s  f i r s t  recorded i n  t h e  d i t c h  c u t t i n g s  sample a t  3380m, 

however, w i r e l i n e  log S i n d i c a t e  a n  upper l i m i t  of 3387m. T h i s  discrepancy i s  

explained by the  d i f f e r e n c e  between d r i l l e r s  and l o g g e r s  d e p t h s  which may b e  up 

t o  7m. 

The sandstones a r e  f a i r l y  f r i a b l e ,  p ink i sh  grey  t o  white ,  f i n e  t o  coa r se  gra ined  

and k a o l i n i t i c  wi th  carbonaceous fragments and t r a c e s  of p y r i t e .  These 

sediments a r e  l o c a l l y  l i g h t  grey  and s l i g h t l y  a rg i l l aceous .  



BIOSTRATIGRAPHY 

V 1  (1 )  TERTIARY 

INTERVAL 1900m-2 l7Om; LATE PALAEOCENE ( t o p  not seen) 

L i t h o s t r a t i g r a p h i c  Units :  

Rogala nd Group ; 

Balder  Formation: 1900m-2006m(log), 

S e l e  Formation: 2006m(log)-2070m, 

L i  s t a  Formation: 2070m-2 l 7 h .  

Environment: marine, ou te r  she l f  t o  upper ba thya l .  

The age of t h i s  i n t e r v a l  i s  based on t h e  fol lowing l i t h o s t r a t i g r a p h i c  and 

micropalaeontologica1 c r i t e r i a :  

- t h e  presence of vo lcanic ,  t u f f aceous  d e p o s i t  S from 1900m. 

- t h e  occurrence of t h e  diatom Coscinodiscus sp.1 a t  1920m and t h e  fo ramin i f e r  

Trochammina sp.A a t  2100m. 

MICROPALAEONTOLOGY 

The microfaunas of t h i s  i n t e r v a l  a r e  dominated by  agg lu t ina t ed  species ,  

p a r t i c u l a r l y  of t he  Bathysiphon/Rhizammina Group, Haplophragmoides spp., 

Recurvoide S spp . and Cyclammina spp. 

Common, red  s t a ined  p lanktonic  foraminif  e r a  inc luding  Globiger ina  li naper ta  and 

G. t r i l o c u l i n o i d e s  were recovered from t h e  uppermost s e c t i o n  of t h i s  i n t e r v a l  

(1900m-1920m). The presence of t h e  l a t t e r  s p e c i e s  and t h e  a s soc i a t ed  r ed  

s t a i n i n g  c h a r a c t e r i s t i c a l l y  i n d i c a t e  t h e  presence of t h e  Globigerina 

t r i l o c u l i n o i d e s  Assemblage of E a r l y  Eocene age. I n  view of t h e  occurrence of 

t y p i c a l  La te  Palaeocene tu f f aceous  d e p o s i t s  a t  1900m, however, a La te  Palaeocene 

age can b e  assigned t o  t h e  i n t e r v a l  and t h e  above spec i e s  a r e  considered t o  b e  

caved. 



The f i r s t  micropalaeontologica1 evidence confirming t h e  age of t h e  i n t e r v a l  

occurs  a t  1920m wi th  t h e  presence of t h e  diatom Coscinodiscus sp.1 i n d i c a t i n g  

t h e  development of t h e  Coscinodi scus  sp. l Assemblage of L a t e  Palaeocene age. 

The subsequent occurrence of Trochammina sp.A a t  2100111 f u r t h e r  suppor ts  t h i s  age 

determinat ion.  

E a r l y  Palaeocene, Danian reworking i s  recorded a t  1940111 and 2020m. 



INTERVAL 2170m-2210m; EARLY PALAEOCENE, DANIAN 

L i t h o s t r a t i g r a p h i c  Unit :  

Montrose Group; 

Maureen Formation Equiva len t ,  

Environment: marine, i nne r  t o  ou te r  s h e l f .  

The upper l i m i t  and age of t h i s  i n t e r v a l  a r e  based on  t h e  fol lowing 

micropalaeontologica1 c r i t e r i a :  

- t h e  presence of Globiger ina  t r i v i a l i s  a t  and below 2170m. 

- t h e  subsequent occurrence of G loboro ta l i a  pseudobul lo ides  ( 2  l 8 h )  and 

G. c f .  compressa (2190m). 

The b a s e  of t h i s  i n t e r v a l  i s  marked by  a n  unconformity sepa ra t ing  t h e  T e r t i a r y  

from t h e  La te  Cretaceous and r e s u l t i n g  i n  t h e  absence of p a r t  of t h e  E a r l y  

Palaeocene, Danian. 

MICROPALAEONTOLOGY 

A s  i n  t h e  over ly ing  s e c t i o n  agg lu t ina t ed  foramini fe ra  dominate t h e  microf aunas 

of t h i s  i n t e r v a l .  The presence of r a r e  p lanktonic  spec i e s ,  however, i s  a l s o  

recorded. 

The occurrence of Globigerina t r i v i a l i s  a t  2170m i s  t aken  t o  r ep re sen t  t h e  

La te /Ea r ly  Palaeocene boundary. The incoming of t h i s  spec i e s  and t h e  subsequent 

occurrence of G loboro ta l i a  pseudobulloides (2180m) and G.  c f .  compressa (2190m) 

a l s o  i n d i c a t e  pene t r a t ion  of t h e  P.2 Zone of t h e  Ea r ly  Palaeocene, Danian. No 

evidence f o r  t h e  o l d e r  P.l Zone i s  recorded. 



V 1  (2)  CRETACEOUS 

INTERVAL 2210m-2280m; LATE CRETACEOUS, LATE MAASTRICHTIAN - MAASTRICHTIAN 

Li tho  s t r a t i g r a p h i c  Unit :  

Shet land Group ( p a r t ) .  

Environment: marine, i n n e r  t o  o u t e r  she l f .  

The upper l i m i t  and age of t h i s  i n t e r v a l  a r e  based on t h e  fol lowing 

micropalaeonto logica l  c r i t e r i o n :  

- t h e  appearance of Pseudo tex tu l a r i a  e l egans  f r u c t i c o s a ,  P. e l egans  e l egans  

and Globotruncana contusa a t  2210m. 

MICROPALAEONTOLOGY 

Planktonic  foraminif  e r a  dominate t h e  microfauna S of t h i s  i n t e r v a l ,  be ing  

represented  mainly by  t h e  ~ugog lob ige r ina /~rchaeog lob ige r ina  complex, 

G l o b i g e r i n e l l o i d e s  a s p e r  and a t  t h e  top  of t h e  i n t e r v a l ,  P seudo tex tu l a r i a  spp. 

and Globorruncana contusa. 

The presence of common P seudot e x t u l a r i a  e l egans  f r u c t  i cosa ,  P. e l egans  e l egans  

and Globotruncana contusa a t  2210m i n d i c a t e s  a l a t e  Maas t r i ch t i an  age a t  t h a t  

depth. It h a s  not proved poss ib l e  t o  subdivide t h e  l a t e  Maas t r i ch t i an  and 

Maas t r i ch t i an  depos i t  S, a l though t h e  assemblages recorded suggest t h a t  b o t h  

i n t e r v a l s  a r e  present .  

A number of o t h e r  La te  Cretaceous spec i e s  a l s o  have t h e i r  f i r s t  occurrences i n  

t h i s  i n t e r v a l .  These inc lude  S tens io ina  pommerana (2210m), Abathomphalus 

mayaroensis  (2225m (SWC)), Reusse l la  szajnochae szajnochae (2230m), Heterohel ix  

c o s t u l a t a  (2230m), Heterohel ix g lobulosa  (2250m) and Reusse l l a  szajnochae 

e longa ta  (2260m). 

T e r t i a r y  caving occurs  i n  t h i s  i n t e r v a l  and con t inues  through most of t h e  

underlying La te  Cretaceous. 

L a t e  Cretaceous, Campanian reworking was recorded a t  2240m, 2250m and 2260m. 



INTERVAL 2280m-2340111; LATE CRETACEOUS, EARLY MAASTRICHTIAN 

Li tho  s t r a t i g r a p h i c  Unit: 

Shet land Group ( p a r t ) .  

Environment: marine, i n n e r  t o  

The upper l i m i t  and age of t h  

o u t e r  she l f .  

i s  i n t e r v a l  a r e  based on t h e  fo  l low 

micropalaeontologica1 c r i t e r i o n :  

- t h e  i n f l u x  of abundant Rugoglobigerina/Archaeoglobigerina complex toge the r  

wi th  common, c o n s i s t e n t l y  occurr ing  Rugoglobigerina rugosa ro tundata  a t  

2280m. 

MICROPALAEONTOLOGY 

Planktonic  foramini fe ra  a g a i n  dominate t h e  microfaunas, be ing  represented  

p r i n c i p a l l y  by t h e  ~ugoglobigerina/Archaeoglobigerina complex. 

The marked i n f l u x  of abundant Rugoglobigerina/Archaeoglobigeri  na complex a t  

2280m i n d i c a t e s  t h e  development of t h e  ~ u g o g l o b  igerina/Archaeoglob i g e r i n a  

Assemblage of e a r l y  Maas t r i ch t i an  age. The a s s o c i a t e d  occurrence of common and 

c o n s i s t e n t l y  occurr ing  Rugoglob i g e r i n a  rug0 sa ro tunda ta  a t  and below t h i  S depth  

suppor t s  t h e  age determinat ion.  



INTERVAL 2340m-2425m; LATE CRETACEOUS, LATE CAMPANIAN 

L i t h o s t r a t i g r a p h i c  Unit:  

Shet land Group ( p a r t ) .  

Environment: marine, i n n e r  t o  o u t e r  she l f .  

The upper l i m i t  and age of t h i s  i n t e r v a l  a r e  based on  t h e  fol lowing 

micropalaeontologica1 c r i t e r i o n :  

- t h e  occurrence,  a t  2340m, of Globotruncana sp.1 and G. marginata.  

MICROPALAEONTOLOGY 

Planktonic  foraminif  e r a ,  p r i n c i p a l l y  of t h e  Rugoglobigerina/Archaeoglobigerina 

complex, a r e  aga in  dominant throughout t h i s  i n t e r v a l .  

The presence of Globotruncana sp.1 and Globotruncana marginata  from 2340m 

i n d i c a t e s  a l a t e  Campanian age f o r  t h e  i n t e r v a l .  The occurrence of t h e s e  two 

s p e c i e s  a l lows  the  microfaunas of t h e  i n t e r v a l  t o  be  ass igned  t o  t h e  

Globotruncana marginata Assemblage. 

T e r t i a r y  caving i s  present  throughout t h e  sec t ion .  



INTERVAL 2425m-2652.50m; LATE CRETACEOUS, EARLY CAMPANIAN 

L i t h o s t r a t i g r a p h i c  Unit:  

Shet land Group ( p a r t ) .  

Environment: marine, i n n e r  t o  o u t e r  she l f .  

The upper l i m i t  and age of t h i s  i n t e r v a l  a r e  based on t h e  fol lowing 

micropalaeontologica1 and pa lynologica l  c r i t e r i a :  

- t h e  occurrence of T r i t a x i a  dubia and Dorothia sp.1 a t  2425m. 

- t h e  subsequent occurrence of T r i t a x i a  t r i c a r i n a t a  (2535m). 
- t h e  appearance of Cal laiosphaeridium asymrnetricum a t  2560111. 

MICROPALAEONTOLOGY 

Very c o n s i s t e n t  microfaunas, a g a i n  dominated b y  t h e  p lanktonic  

Rugoglobigerina/Archaeoglobigerina complex, occur  throughout t h i s  i n t e r v a l .  

The appearance of t h e  a g g l u t i n a t i n g  s p e c i e s  T r i t a x i a  dubia and Dorothia  sp.1 a t  

2425m, however, i n d i c a t e s  t h a t  t h e  e a r l y  Campanian h a s  been penet ra ted .  The 

subsequent occurrence of T r i t a x i a  t r i c a r i n a t a  a t  2535m suppor t s  t h i s  

de te rmina t ion .  

PALYNOLOGY 

Assemblages recovered a t  and below 2500m a r e  dominated by microplankton, wi th  

miospores being a very  minor c o n s t i t u e n t .  Pa lynof lo ra s  a r e  c h a r a c t e r i s e d  by t h e  

common t o  abundant occurrences of t he  S p i n i f e r i t e s  ramosus group, C e r a t i o p s i s  

d i e b e l i i ,  Palaeoperidinium pyrophorum, Hystrichosphaeridium tubiferum, 

Areol igera  spp. , Chatangie l la  spp. /I sabel idinium spp. , Cyclonephelium spp. , 
Chatangie l la  g r a n u l i f e r a  and Tri thyrodinium suspectum. Palaeocene cavings  a r e  

conspicuous i n  most assemblages. 

The o v e r a l l  composition of t h e  pa lynof lo ra s  i s  i n d i c a t i v e  of a Campanian age,  

w i th  t h e  CO-occurrences of l a r g e  numbers of C. d i e b e l i i ,  Spongodinium d e l i t i e n s e  

and Raphidodinium fucatum, i n  a s s o c i a t i o n  wi th  taxa such a s  T. suspectum, 

A l t e r b i a  a c u t u l a  (2500m), Odontochitina spp., Chatangie l la  g r a n u l i f e r a  and 

Trichodinium castaneum. An age no younger t han  e a r l y  Campanian i s  ind ica t ed  a t  

2560m by t h e  appearance of Cal laiosphaeridium asymmetricum. 



The s idewal l  co re  a t  2640111 y i e lded  a pa lynof lora  of e a r l y  Campanian age, 

c h a r a c t e r i s e d  by t h e  s imultaneous presence of Cal laiosphaeridium asymmetricum, 

Spinidinium clavum, Trigonopyxidia g i n e l l a ,  Hy s t r ichosphaer id ium sp.2 McI n tyre ,  

abundant specimens of T. suspectum and numerou S specimens of Raphidodinium 

fucatum. 

Reworked miospores a r e  occas iona l ly  encountered r e f l e c t i n g  r ecyc l ing  of d e p o s i t s  

of Permo-Triassic and Late  - Middle J u r a s s i c  ages. 



INTERVAL 2652.50111-2655m; LATE CRETACEOUS, SANTONIAN 

L i t h o s t r a t i g r a p h i c  U n i t :  

Shet land Group ( p a r t ) .  

Environment: marine, i n n e r  t o  o u t e r  she l f .  

The upper l i m i t  and age of t h i s  i n t e r v a l  a r e  based on t h e  fol lowing 

micropalaeonto logica1  c r i t e r i o n :  

- t h e  occurrence of common, g r e e n  s t a i n e d  spongodi s c id  r a d i o l a r i a  a t  2625.5Om. 

The b a s e  of t h i s  i n t e r v a l  i s  marked by a n  unconformity sepa ra t ing  t h e  La te  and 

E a r l y  Cretaceous, r e s u l t i n g  i n  t h e  absence of any Coniacian t o  l a t e  Alb ian  

d e p o s i t  S. 

MICROPALAEONTOLOGY 

Moderately common foramini fe ra  were recorded i n  t h i s  i n t e r v a l  w i t h  p l ank ton ic  

and agg lu t ina t ed  s p e c i e s  predominating. 

No f o r a m i n i f e r a l  marker s p e c i e s  were recovered from t h e  i n t e r v a l .  The presence 

of common, g r e e n  s t a ined  spongodi sc id  r a d i o l a r i a  a t  2652.5Om, however, suggest S 

t h e  presence of Santonian  d e p o s i t s ,  t h e s e  r a d i o l a r i a  be ing  a common f e a t u r e  of 

t h e  Santonian. 



INTERVAL 2655m-2664m(log): EARLY CRETACEOUS, MIDDLE ALBIAN - BARREMIAN 

L i t h o s t r a t i g r a p h i c  Unit:  

Cromer Knoll  Group. 

Environment: shallow marine, i n n e r  she l f .  

The upper l i m i t  and age of t h i s  i n t e r v a l  a r e  def ined  upon t h e  following 

micropalaeonto logica1  and pa lyno log ica l  c r i t e r i a :  

- t h e  presence of Praebulimina sp.1 a t  2655m and t h e  o v e r a l l  na tu re  of t he  

micro fauna S. 

- t h e  occurrence of a  specimen of Cribroperidinium cornutum a t  2655m. 

An unconformity i s  present  a t  t h e  base  of t h i s  i n t e r v a l  r e s u l t i n g  i n  t h e  absence 

of sediments of Hau te r iv i an  - l a t e  Ryazanian age. 

MICROPALAEONTOLOGY 

A marked d e c l i n e  i n  p lanktonic  abundance occurs  throughout t h i s  i n t e r v a l  w i t h  a n  

a s s o c i a t e d  i n c r e a s e  i n  agg lu t ina t ed  and, t o  a  l e s s e r  e x t e n t ,  c a l ca reous  

benthonic  abundances. 

The foramini fe ra  recovered from t h i s  i n t e r v a l  suggest t h a t  sediments of a  broad 

age range a r e  represented .  The occurrence of Praebulimina sp.1 a t  2655m 

i n d i c a t e s  t h a t  sediments  of middle Alb ian  - Apt ian  age have b e e n  penet ra ted .  

T h i s  i s  supported by t h e  predominance of agg lu t ina t ed  s p e c i e s  i n  t h e  samples, 

inc luding  Recurvoides spp. and Glomospira spp. The increased  occurrence lower 

i n  t h e  s e c t i o n  of ca l ca reous  benthonic  spec i e s ,  p a r t i c u l a r l y  Len t i cu l ina  spp. 

and os t racods ,  however, may a l s o  i n d i c a t e  t h e  presence of sediments of a n  o lde r ,  

Barremian age. It i s  not poss ib l e ,  due t o  t h e  sample i n t e r v a l s  rece ived ,  t o  

subdivide t h i s  i n t e r v a l  f u r t h e r  o r  t o  determine whether i t  r ep resen t  S a  

condensed sequence of sediments o r  i f  t h e r e  a r e  any h i a t u s e s  present  i n  t h e  

sec t ion .  Consequently, on ly  a  broad middle Alb ian  t o  Barremian age can  b e  

a ssigned . 
PALYNOLOGY 

Pa lynof lo ra s  recovered from 2655m and 2660m a r e  cons iderably  modified by  caved 

t axa  of ~ o c e n e / ~ a l a e o c e n e  and La te  Cretaceous ages. Assemblages a r e  



c h a r a c t e r i s e d  by common/abunda n t  specimens of Pa laeoper id i  nium pyrophorum and 

spec i e s  of Chatangie l la ,  a s s o c i a t e d  wi th  taxa  such a s  Raphidodinium fucatum, 

Odontochitina spp., Tri thyrodinium suspectum and Spongodinium d e l i t i e n s e .  

Miospores a r e  a  minor c o n s t i t u e n t .  I n  s i t u  palynomorphs a r e  impoverished. 

A s i n g l e  specimen of Cribroperidinium cornutum was recorded a t  2655m, a taxon 

s t r a t i g r a p h i c a l l y  r e s t r i c t e d  t o  d e p o s i t s  of Barremian age. The only specimens 

thought t o  b e  i n  s i t u  a t  2660m a r e  t hose  of Oligosphaeridium complex exh ib i t i ng  

" typ ica l "  Ea r ly  Cretaceous p roces s  development. 



V 1  ( 3 )  CRETACEOUS - JURASSIC 

INTERVAL 2664m(log)-2740m; EARLY CRETACEOUS - LATE JURASSIC, EARLY RYAZANIAN - 
LATE VOLGIAN 

L i t h o  s t r a t i g r a p h i c  Unit  : 

Humber Group ( p a r t ) ;  

Kimmeridge Clay Formation ( p a r t ) .  

Environment: marine, i n n e r  she l f  w i t h  anaerobic /dysaerobic  c o n d i t i o n s  a t  t h e  

sediment/water i n t e r f a c e  and poss ib l e  water  s t r a t i f i c a t i o n .  

A l o g  break  d e f i n e s  t h e  i n t e r v a l  top. The age i S based upon t h e  following 

pa lynologica l  c r i t e r i a :  

- t h e  appearance of Cannosphaeropsis t hu la  a t  2665m(SWC). 

- t h e  presence, a t  2703m(SWC), of A ldor f i a  spongiosa and of Bat ioladinium 

pomum a t  2710m. 

MICROPALAEONTOLOGY 

The appearance of a  specimen of Haplophragmoide S i n f r a c a l l o v i e n s i s  a t  2662.50m 

provides  evidence f o r  t h e  p e n e t r a t i o n  of t h e  Kimmeridge Clay Formation. The 

f a c t  t h a t  t h e  log  break  marking t h e  top of t h i s  formation i s  a t  2664m sugges t s  

t h a t  t h e r e  i s  a s l i g h t  discrepancy between t h e  d r i l l e r s  dep ths  and log  depths.  

Rare specimens of Haplophragmoides spp., exh ib i t i ng  t h e  brown p rese rva t ion  

a s s o c i a t e d  wi th  t h e  Kimmeridge Clay Formation, a r e  t h e  only  o t h e r  i n  s i t u  

foramini fe ra  p re sen t ,  a l though caved T e r t i a r y  and Cretaceous forms a r e  

f r equen t ly  seen. The presence of common specimens of t h e  r a d i o l a r i a n  

L i t h o s t r o b u s  spp. a t  and below 2685m may prove of use  f o r  l o c a l  c o r r e l a t i o n s .  

PALYNOLOGY 

The pa lynologica l  a n a l y s i s  of d i t c h  c u t t i n g s  and s idewal l  c o r e  samples from t h i s  

i n t e r v a l  y ie lded  microplankton dominated assemblages,  t y p i c a l  of t h e  Kimmeridge 

Clay Formation i n  composition and preserva t ion .  Element S of t h e  

Hystr ichosphaerina o r b i f e r a  group and t h e  prasinophycean a l g a e  P terospermel la  

spp. and l a r g e  l e i o s p h e r e s  occur c o n s i s t e n t l y ,  and a r e  sometimes numerous t o  

common. 



A specimen of Cannosphaeropsis t h u l a  a t  2665m(SWC) i n d i c a t e s  a n  age no younger 

t h a n  t h e  e a r l y  Ryazanian, Cannosphaeropsis sp.A Subzone (VC). The subsequent 

occurrence of  A l d o r f i a  spongiosa a t  2703m(SWC), a d inocys t  w i t h  a s t r a t i g r a p h i c  

range  of e a r l y  Ryazanian - l a t e  Volgian, support  S t h i s  age assignment ,  a s  does  

t h e  occurrence of Sa t io l ad in ium pomum a t  2710111. 



V 1  (4)  JURASSIC 

INTERVAL 2740m-2770m(SWC); LATE JURASSIC, MIDDLE - EARLY VOLGIAN 

L i t h o s t r a t i g r a p h i c  Unit: 

Humber Group ( p a r t ) ;  

Kimmeridge Clay Formation ( p a r t ) .  

Environment: marine, i n n e r  s h e l f ,  w i th  anaerobic/dy saerobic  bottom c o n d i t i o n s  

and p a r t i a l  water mass s t r a t i f i c a t i o n .  

The age and upper l i m i t  of t h e  i n t e r v a l  a r e  def ined  upon t h e  following 

pa lynologica l  c r i t e r i a :  

- t h e  appearance of Glossodinium dimorphum a t  2740x11. 

- t h e  sub sequent occurrences  of specimens of Gonyaulacy s t a  l o n g i c o r n i  S and 

Oligosphaeridium pulcherrimum sensu Ioannides  e t  a l .  i n  t h e  d i t c h  c u t t i n g s  

sample a t  2770m. 

MICROPALAEONTOLOGY 

The microfaunas recovered from t h i s  i n t e r v a l  a r e  e s s e n t i a l l y  t h e  same a s  t hose  

seen above, wi th  r a r e  Haplophragmoides spp. being recorded toge the r  wi th  

specimens of L i t h o s t r o b u s  spp. 

PALYNOLOGY 

Three d i t c h  c u t t i n g s  samples analysed from t h i s  i n t e r v a l  cont inued t o  y i e l d  

abundant amorphous organic  matter .  The pa lynof lo ra s  recovered were dominated by 

microplankton; c h a r a c t e r i s t i c  element S of t h e  assemblage S inc luding  members of 

t h e  Sy stematophora a r e o l a r i a  and Hy s t r i chosphae r ina  o r b i  f e r a  group S, 

Tubotuberel la  a p a t e l a ,  and prasinophycean a l g a e  such a s  P t e r o s p e m e l l a  spp. and 

Tasmanites spp. Bisacca te  p o l l e n  (abundant a t  2762 SOm), Ce reb ro ipo l l en i t e  S 

mesozoicus and C a l l i a l a s p o r i t e s  dampieri  a r e  t y p i c a l  e lements  of t he  miospore 

s u i t e .  

The appearance of Glossodinium dimorphum a t  2740m i n d i c a t e s  a n  age no younger 

t han  the  middle Volgian, Dichadogonyaulax pannea Subzone (VIIA). Evidence f o r  

t h e  presence of sediments of e a r l y  Volgian age i s  seen only i n  t h e  d i t c h  



c u t t i n g s  sample a t  2770m, where specimens of Oligosphaeridium pulcherrimum sensu 

Ioannide S e t  a l .  and Gonyaulacysta l o n g i c o r n i s  a r e  encountered. The combined 

occurrence of t h e s e  two t axa  c h a r a c t e r i s e s  depos i t  S a s s ignab le  t o  t h e  

Egmontodinium polyplacophorum Subzone (IXA) of t h e  G. l o n g i c o r n i s  Zone (IX). 



INTERVAL 2770m(SWC)-2782.50n; LATE JURASSIC, KIMMERIDGIAN 

L i t h o s t r a t i g r a p h i c  Units :  

Humber Group ( p a r t ) ;  

Kirnmeridge Clay Formation ( p a r t ) :  2770m(SWC)-2780m(log), 

Heather  Formation ( p a r t )  : 2780m(log)-2782.50m. 

Environment: marine, i n n e r  she l f  wi th  aerobic /dysaerobic  bottom condi t ions .  

The age and upper l i m i t  of t h e  i n t e r v a l  a r e  def ined  upon t h e  following 

pa lynologica l  c r i t e r i o n :  
- t h e  appearance of Gonyaulacy s t a  j u r a s s i c a  a t  2770m(SWC). 

MICROPALAEONTOLOGY 

Rare Haplophragmoides spp. and specimens of L i t h o s t r o b u s  spp. cont inue  t o  b e  

recorded from t h i s  t h i n  i n t e r v a l .  

PALYNOLOGY 

A miospore dominated pa lynof lora  w a s  recovered from t h e  s idewal l  core  a t  2770m, 

c h a r a c t e r i s e d  by common undif f e r e n t i a t e d  b i s a c c a t e  S. 

The appearance of Gonyaulacysta j u r a s s i c a  i n d i c a t e s  a n  age no younger t han  t h e  

Kimmeridgian, Scriniodinium luridum Subzone (IXB) of t h e  Gonyaulacysta 

l o r g i c o r n i  s Zone ( I X )  . 
A s i n g l e  specimen of Lycospore sp. i s  p re sen t  r e f l e c t i n g  reworking of 

Carboniferous depos i t s .  



INTERVAL 2782.50m-2855m(SWC); LATE JURASSIC, EARLY KIMMERIDGIAN - MIDDLE 

OXFORDIAN 

L i t h o s t r a t i g r a p h i c  U n i t :  

Humber Group ( p a r t ) ;  

Heather Formation ( p a r t ) .  

Environment: marine, i n n e r  she l f  w i th  aerobic /dy  saerobic  bottom condi t ions .  

The upper l i m i t  and age of t h e  i n t e r v a l  a r e  based upon t h e  fol lowing 

pa lynologica l  c r i t e r i a :  

- t h e  appearance of Scriniodinium c rys t a l l i num and t h e  occurrence of numerous 

specimens of Gonyaulacysta j u r a s s i c a  a t  2782.50m. 

- t h e  subsequent occurrence of Leptodinium mi rab i l e  between 28l2.5Om and 

2842.5Om. 

- t h e  appearance of Nannoceratop sis pe l luc ida  a t  2842.5Om. 

MICROPALAEONTOLOGY 

The microfaunas of t h i s  i n t e r v a l  a r e  e s s e n t i a l l y  a s  seen above. There i s ,  

however, a change near t he  b a s e  where Len t i cu l ina  v a r i a n s  a p p e a r s  suggesting 

t h a t  t h e  bottom wa te r s  were more oxygenated i n  t h e  lower p a r t  of t h i s  i n t e r v a l .  

The appearance of t h i s  spec i e s  i s  c o n s i s t e n t  wi th  a n  e a r l y  Kimmeridgian - middle 

Oxfordian age. 

PALYNOLOGY 

The d i t c h  c u t t i n g s  and s ing le  s idewal l  co re  samples analysed from t h i s  i n t e r v a l  

y i e lded  pa lynof lo ra s  dominated by  gymnosperm pol len,  inc luding  common t o  

abundant u n d i f f e r e n t i a t e d  b i  sacca tes ,  Ce reb ropo l l en i t e s  mesozoicus and 

C a l l i a l a s p o r i t e s  dampieri .  P te r idophyte  miospores a r e  l e s s  numerous and l e s s  

d ive r se .  The microplankton assemblages a r e  moderately d i v e r s e  and a r e  

c h a r a c t e r i s e d  by  Gonyaulacy sta j u r a s s i c a ,  micro foramini  f e r a l  test l i n i n g  S and 

Sirmiodinium g r o s s i i  (which becomes numerous t o  common below 2812.50m). 

Scriniodinium c rys t a l l i num makes i t s  f i r s t  downhole appearance a t  2782.50m, 

i n d i c a t i n g  a n  age no younger t han  t h e  e a r l y  Kimmeridgian/late Oxfordian 

Scriniodinium c rys t a l l i num Zone ( X I ) .  The simultaneous i n c r e a s e  i n  numbers of 

Gonaulacy s t a  j u r a s s i c a  i S a 1  so c h a r a c t e r i s t i c  of t h i  S age. 



Nannoceratopsis pel lucida  i s  present  i n  t h e  deepest sample i n  t h i s  i n t e r v a l  

(2842.50m). This  dinocyst ranges no younger than middle Oxfordian i n  t h i s  area  

of t h e  North Sea, and i n d i c a t e s  t h a t  the  b a s a l  pa r t  of t h i s  i n t e r v a l  i s  no 

younger than t h e  e a r l y  pa r t  of the  Compositosphaeridium costatum Subzone (XIIB). 

The presence of Leptodinium mirabi le  from 2812.50111 t o  2842.50111 ( i t s  l a s t  

downhole occurrence) supports  t h i s  conclusion, since t h i s  dinocyst  ranges no 

o lde r  than the middle Oxfordian, Acanthaulax spinosissima Zone (XIII) .  

0 
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INTERVAL 2855m(SWC)-2887.50m; LATE JURASSIC, EARLY OXFORDIAN 

L i t h o s t r a t i g r a p h i c  Unit :  

Humber Group ( p a r t ) ;  

Heather Formation ( p a r t ) .  

Environment: marine, i n n e r  she l f  w i th  ae rob ic  bottom condi t ions .  

The age and t o p  of t h e  i n t e r v a l  a r e  def ined  upon t h e  fol lowing pa lynologica l  

c r i t e r i a :  

- t h e  appearance of abundant specimens of Adnatosphaeridium aemulum and 

Acanthaulax spino s i  ssima a t  2855m( SWC) . 
- t h e  subsequent occurrence of Atopodinium prostaturn a t  2857.50m. 

- t h e  presence of Wanaea f imbr i a t a ,  W .  thysanota  and Crusso l i a  d e f l a n d r e i  a t  

2870m(SWC). 

MICROPALAEONTOLOGY 

Microfaunas from t h i s  i n t e r v a l  a r e  g e n e r a l l y  poor. The appearance of 

Haplophragmoides canui  a t  2880m could r ep re sen t  t h e  top  of t h e  Haplophragmoides 

canui  Assemblage, b u t  a much b e t t e r  top  i s  seen i n  t h e  underlying i n t e r v a l  w i th  

t h e  influx, of Haplophragmoides spp. arrd t h i s  h a s  been  p re fe r r ed .  The sugges t ion  

t h a t  t h i s  assemblage could b e  present  i n  t h e  b a s e  of t h i s  i n t e r v a l  means t h e  

p o s s i b i l i t y  t h a t  Cal lovian  d e p o s i t s  a r e  p re sen t  from 2880m and should not  b e  

ignored. 

PALYNOLOGY 

Two s idewal l  co re  and two d i t c h  c u t t i n g s  samples were analysed from t h i s  

i n t e r v a l .  The s idewal l  co re  sample a t  2855m yie lded  a very poorly preserved b u t  

d i v e r s e  and numerous d inocys t  pa lynof lora .  Abundant Adnatosphaeridium aemulum 

and Acanthaulax spinosiss ima toge the r  wi th  common Sirmiodinium g r o s s i i  and 

Gonyaulacy sta ju ra s s i ca  dominate. 

From 2857.50m t o  2870m(SWC) l e s s  d i v e r s e  assemblages were recorded,  

c h a r a c t e r i s e d  by numerous t o  common A. aemulm and S. g r o s s i i  wi th  r a r e  t o  

numerous Gonyaulacy s t a  c ladophera and c o n s i s t e n t l y  occurr ing G. ju rass ica .  



Throughout t he  e n t i r e  i n t e r v a l  t h e  miospore assemblages a r e  dominated by 

gymnosperm pol len ,  p a r t i c u l a r l y  u n d i f f e r e n t i a t e d  b i s a c c a t e s  and 

Cereb ropo l l en i t e s  mesozoicus. 

The occurrence of abundant specimens of A. aemulum and A. spinosiss ima a t  

2855m(SWC) i s  c h a r a c t e r i s t i c  of a n  e a r l y  Oxfordian age, no younger t han  t h e  

Gonyaulacysta a r e o l a t a  Subzone (XIVA) of t h e  Wanaea d i g i t a t a  Zone ( X I V ) .  An 

e a r l y  Oxfordian age i s  subs t an t i a t ed  a t  2 8 5 7 . 5 0 ~ ~  by t h e  occurrence of 

Atopodi ~ u m  prostatum. 

An age equiva len t  t o  t h e  Wanaea f imbr i a t a  Subzone (XIVB) i s  ind ica t ed  a t  

2870m(SWC) by  t h e  occurrence of t h e  subzonal index taxon. Wi th in  t h e  same 

assemblage specimens of Wanaea thysanota  and Crusso l i a  d e f l a n d r e i  a r e  

encountered subs t an t i a t i ng  a n  age no younger t h a n  e a r l y  Oxfordian. The l a t t e r  

taxon has,  t o  d a t e ,  only been  recorded from t h e  Tethyan Province (Southern  

France) .  I t s  record i n  t h i s  we l l  i s  considered t o  r e f l e c t  t h e  ex i s t ence  of open 

marine connect ions between t h i s  a r e a  of t h e  Viking Graben and t h e  Tethyan 

Province t o  t h e  south. 
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INTERVAL 2887.50m-2917.50111; LATE JURASSIC, LATE CALLOVIAN 

L i t h o s t r a t i g r a p h i c  Unit:  

Humber Group ( p a r t ) ;  

Heather Formation ( p a r t ) .  

Environment: marine, i n n e r  she l f  w i th  a e r o b i c  bottom condi t ions .  

The upper l i m i t  and age of t h e  i n t e r v a l  a r e  def ined  upon t h e  fol lowing 

pa lynologica l  and micropalaeontologica1 c r i t e r i a :  

- t h e  appearance of Mendicodinium groenlandicum a t  2887.50m. 

- a n  inc rease  i n  agg lu t ina t ing  fo ramin i f e ra  a t  2890m and t h e  subsequent 

occurrence of abundant Haplophragmoides spp., inc luding  H. canui  from 2900m. 

- t h e  appearance of common specimens of Pareodin ia  cera tophora  a t  2902.50m. 

MICROPALAEONTOLOGY 

There i s  a not iceable  i n c r e a s e  i n  a g g l u t i n a t i n g  foramini fe ra  a t  2890m followed 

by  a n  i n f l u x  of  Haplophragmoides spp., inc luding  H. canui  a t  2900m. Abundant 

Haplophragmoide S spp. cont inue t o  occur through t h e  remainder of t he  i n t e r v a l .  

T h i s  microfauna i s  c h a r a c t e r i s t i c  of t h e  Haplophragmoides canu i  Assemblage of 

Ca l lov ian  age. 

PALY NOLOGY 

Miospore dominated pa lynof lo ra s  were recovered from t h e  d i t c h  c u t t i n g s  samples 

a t  2887.50m a &  2902.50m, cha rac t e r i s ed  by common u n d i f f e r e n t i a t e d  b i s a c c a t e s .  

R e l a t i v e  t o  t h e  overlying e a r l y  Oxfordian i n t e r v a l ,  a marked change i n  t h e  

p re se rva t ion  of kerogen and r educ t ion  i n  bo th  d i v e r s i t y  and numbers of 

microplankton i S encountered. 

Specimens of Mendicodinium groenlandicum appear  a t  2887.50m, t e n t a t i v e l y  

suggest ing a n  age no younger t han  t h e  l a t e  Cal lovian,  M. groenlandicum Subzone 

(XIVC) of t h e  Wanaea d i g i t a t a  Zone (XIV) . Although t h i s  taxon posses ses  a t o t a l  

s t r a t i g r a p h i c  range of Ryazanian - Cal lovian ,  i t  u s u a l l y  ach ieves  i t  S numerical 

acme w i t h i n  t h e  l a t e  Cal lovian.  The appearance of specimens of M. groenlandicum 

a t  2887.5Om i S, t h e r e f o r e ,  considered t o  probably r e f l e c t  t h i s  event .  Within 

t h e  same assemblage, a specimen of Pareodin ia  e v i t t i i  i s  recorded t e n t a t i v e l y  

s u b s t a n t i a t i n g  a n  age no younger t han  Callovian. 



A feature of potent ia l  correla t ive value i s  the presence, a t  2902.50m, of common 

Pareodinia ceratophora, a wel l  documented intra-Callovian palynoevent. 



INTERVAL 29 17.50m-29 70m; LATE JURASSIC , MIDDLE CALLOVIAN 

L i t h o s t r a t i g r a p h i c  Unit :  

Humber Group ( p a r t ) ;  

Heather Formation ( p a r t ) .  

Environment: marine, i n n e r  she l f  w i th  a e r o b i c  bottom condi t ions .  

The age and upper l i m i t  of t h e  i n t e r v a l  a r e  based upon t h e  fol lowing 

pa lyno log ica l  c r i t e r i a :  

- t h e  appearance of t h e  L i t h o d i n i a  c r i s t u l a t a / c a y t o n e n s i s  p l exus  a t  291 7,50111. 
- t h e  presence of common specimens of Chyt roe isphaer id ia  hya l ina  a t  2932.50m. 

- t h e  occurrence,  a t  2932.50m, of S tephanely t ron  scarburghense. 

- t h e  subsequent presence of Chyt roe isphaer id ia  c e r a s t e s  a t  2947.50m. 

MICROPALAEONTOLOGY 

Abundant Haplophragmoides spp. inc luding  H. canui ,  cont inue  t o  occur i n  t h i s  

i n t e r v a l  wi th  a f u r t h e r  i n c r e a s e  i n  t h e  numbers recorded a t  2950m. The 

Haplophragmoides canui  Assemblage is ,  t h e r e f o r e ,  represented  a g a i n  and con t inues  

t o  i n d i c a t e  a Cal lovian  age. 

PALYNOLOGY 

Three d i t c h  c u t t i n g s  samples and one s idewa l l  core  sample were analysed f o r  

palynology from t h i s  i n t e r v a l .  

Gymnosperm p o l l e n  g r a i n s  were t h e  most common elements  of t h e  pa lynof lo ra s  and 

became i n c r e a s i n g l y  abundant towards t h e  base  of t h e  sec t ion .  Microplankton 

assemblages recovered were moderately d iverse .  Pareodin ia  cera tophora  i s  common 

a t  2917.50m b u t  only r a r e  below t h i s  depth. Chy t roe i sphae t r id i a  hya l ina  i s  

common a t  2932.SOm becoming i n c r e a s i n g l y  r a r e  below t h i s  depth. Gonyaulacysta 

j u r a s s i c a ,  G. cladophora and L i thod in i a  spp. occurred c o n s i s t e n t l y  throughout 

t h e  i n t e r v a l .  

The appearance of members of t he  L i t h o d i n i a  c r i s t u l a t a / c a y t o n e n s i s  p l exus  a t  

2917.50m i n d i c a t e s  a n  age no younger t han  t h e  middle Cal lovian,  

Polystephanephorus pa raca l a thus  Zone (XV) . 



The sub sequent occurrence of common specimens of Chytroei  sphae r id i a  hya l ina  a t  

2932.50111 i n d i c a t e s  t h e  p e n e t r a t i o n  of sediments no younger t h a n  t h e  

Nannoceratop sis pe l luc ida  Subzone (XVB) . The las t  downhole occurrence of 

S tephanely t ron  scarburghense a t  t h e  same hor izon  and Chytroei  sphaer id ia  c e r a s t e  s 

a t  2947.50m suppor ts  t h i s  age assignment,  a s  t h e s e  d i n o c y s t s  range no o l d e r  t han  

middle Cal lovian ,  N. p e l l u c i d a  Subzone (XVB) of t h e  Polystephanephorus 

p a r a c a l a t h u s  Zone (XV) . 



INTERVAL 2970m-2977.50m(log); LATE JURASSIC, EARLY CALLOVIAN. 

L i tho  s t r a t i g r a p h i c  Unit :  

Humber Group; 

Heather Formation ( p a r t ) .  

Environment: marine, i n n e r  she l f  w i th  a e r o b i c  bottom condi t ions .  

The upper l i m i t  and age of t h e  i n t e r v a l  a r e  def ined  upon t h e  following 

pa lynologica l  c r i t e r i a :  

- t h e  appearance of Sentu sidinium v a r i  spinosum a t  29 70m. 

- t h e  occurrence of ?caved specimens of Hystrichogonyaulax pect inigerum a t  

2977.50m. 

An unconformity i s  considered t o  b e  p re sen t  a t  t h e  base  of t h i s  i n t e r v a l ,  

r e s u l t i n g  i n  t h e  absence of d e p o s i t s  of l a t e  - middle Bathonian age. 

MICROPALAEONTOLOGY 

The s i n g l e  sample analysed from t h i s  i n t e r v a l  shows a s i g n i f i c a n t  d e c l i n e  i n  t h e  

number of foramini fe ra  recorded when compared t o  t h e  middle Cal lovian.  No new 

age  d i agnos t i c  forms were seen. 

PALYNOLOGY 

The pa lynof lora  recovered from t h e  s i n g l e  d i t c h  c u t t i n g s  sample analysed from 

t h i s  i n t e r v a l  (2970m) was dominated by abundant gymnosperm pol len ,  such a s  

C a l l i a l a s p o r i t e s  spp., Ce reb ropo l l en i t e s  mesozoicus and u n d i f f e r e n t i a t e d  

b i s a c c a t e  S. The microplankton assemblage i s  cha rac t e r i s ed  by numerous specimens 

of Sirmiodinium g r o s s i i ,  Sentusidinium varispinosum and L i t h o d i n i a  spp.. 

The appearance of S. varispinosum a t  2970m i n d i c a t e s  t h e  p e n e t r a t i o n  of e a r l y  

Ca l lov ian  sediment S, equ iva l en t  t o  t h e  Dichadogonyaulax goch tii  Subzone (XVIA) 

and lowest  p a r t  of t h e  Nannoceratopsis p e l l u c i d a  Subzone (XVB). The presence of 

numerous specimens of t h i s  taxon i s  normally a f e a t u r e  encountered w i t h i n  t h e  D. 

g o c h t i i  Subzone (XVlA) and may i n d i c a t e  a n  age no younger t h a n  t h i s  subzone a t  

2970m. 



A specimen of Hystrichogonyaulax pectinigerum i s  present  a t  2977.50rn ( a t  thetop 

of t h e  underlying i n t e r v a l )  w i th in  a palynoflora s i g n i f i c a n t l y  modified by caved 

Cal lovian  palynomorphs. Although Hystrichogoryaulax pectinigerum may occur i n  

sediments of pre-Callovian age i n  onshore Northwestern Europe, the  good 

p rese rva t ion  of the  specimen and i t s  l o c a l  r e s t r i c t i o n  t o  sediments of e a r l y  

Callovian age i n  t h i s  a rea  of t h e  North Sea, s t rongly  suggest d e r i v a t i o n  from 

t h i s  e a r l y  Callovian i n t e r v a l .  



INTERVAL 2977.50m(log)-2991m(log); MIDDLE JURASSIC, EARLY BATHONIAN - LATE 

BAJOCIAN 

L i t h o s t r a t i g r a p h i c  Unit :  

Brent  Group ( p a r t ) :  

Ta rbe r t  Formation. 

Environment: marginal  marine/ inner  she l f  w i t h  s t rong t e r r e s t r i a l  i n f luence  S. 

The upper l i m i t  i s  defined upon a log break.  The age i s  based upon t h e  

fol lowing pa lynologica l  c r i t e r i o n :  

- t h e  presence,  a t  2977.50m, of numerous specimens of D i  s s i l iod in ium? 

"granulatum" . 

Regional cons ide ra t ions  suggest t h e  p o s s i b i l i t y  of a n  unconformity o r  

s t r a t i g r a p h i c  h i a t u s  a t  t h e  b a s e  of t h e  i n t e r v a l  r e s u l t i n g  i n  t h e  absence of 

some depos i t  S of l a t e  Bajoc ian  and middle Bajoc ian  ages. 

MICROPALAEONTOLOGY 

T h i s  i n t e r v a l  i s  b a r r e n  of i n  s i t u  foramini fe ra .  

PALYNOLOGY 

A s i n g l e  d i t c h  c u t t i r g s  sample and two c o r e  samples were analysed f o r  palynology 

from t h i s  i n t e r v a l .  The pa lynof lora  recovered from t h e  d i t c h  c u t t i n g s  sample i s  

s t rong ly  modified by  c a v i a  from t h e  over ly ing  Cal lovian  i n t e r v a l .  The 

appearance of numerous specimens of D i  s s i l iod in ium? "granulatum" a t  2977 .5h  i S 

c h a r a c t e r i s t i c  of t h e  e a r l y  Bathonian - l a t e  Bajoc ian  i n  t h i s  a r e a  of t h e  North 

Sea. A specimen of Hystrichogonyaulax pect inigerum present  a t  t h e  same hor izon  

i s  considered t o  b e  der ived ,  v i a  caving,  from t h e  overlying e a r l y  Ca l lov ian  

i n t e r v a l  . 
The core  sample a t  2980.701~ y i e lded  a pa lynof lora  dominated by  t h e  abundant 

occurrence of inde termina te  a l g a l  sacs.  Rare gymnosperm p o l l e n  were a l s o  

recorded. 



The core  sample a t  2981.33m produced a more numerou S pa lynof lora  wi th  abundant 

b i s a c c a t e s  and P e r i n o p o l l e n i t e s  e l a t o d e s  present .  The only examples of marine 

microplankton i n  t h e  core  p i e c e s  were a f a i n t l y  g r a n u l a r  specimen of 

Sentusidinium sp. and Caddasphaera halosa.  



INTERVAL 2991m(log)-3070111; MIDDLE JURASSIC, MIDDLE - EARLY BAJOCIAN 

L i t h o s t r a t i g r a p h i c  Unit  S: 

Brent  Group ( p a r t ) ;  

Ness Formation: 2991m(log)-3034m(log). 

Unassigned Unit :  3034m(log)-3070m. 

Environment: i n i t i a l l y  marginal  mar ine l inner  s h e l f ,  becoming p rog res s ive ly  

marginal mar ine lde l t a i c  wi th  s t rong t e r r e s t r i a l  i n f l u e n c e s  towards t h e  top. 

The upper l i m i t  i s  def ined  upon a log  break. The age i s  based  upon t h e  

fol lowing pa lynologica l  c r i t e r i a :  
- t h e  presence of common specimens of Leiofusa "sol ida" a t  2986.63m 

(uncorrec ted  core  depth) .  

- t h e  s imultaneous appearance of numerous specimens of Nannoceratop sis 

g r a c i l i s  and N. senex, i n  a s s o c i a t i o n  wi th  Chasmatospori tes  spp. 

MICROPALAEONTOLOGY 

No i n  s i t u  foramini fe ra  occur i n  t h i s  i n t e r v a l  r e f l e c t i n g  t h e  marginal marine 

environment i nd ica t ed  by pa lynologica l  evidence. 

PALYNOLOGY 

Core p ieces ,  s idewal l  c o r e s  and d i t c h  c u t t i n g s  samples were analysed from t h i s  

i n t e r v a l .  Gymnosperm p o l l e n  formed t h e  dominant element of t h e  pa lynof lo ra s  

recovered,  w i th  numerous t o  abundant u n d i f f e r e n t i a t e d  b i s a c c a t e s ,  

C a l l i a l a s p o r i t e s  dampieri ,  P e r i n o p o l l e n i t e s  e l a t o i d e s  and Cereb ropo l l en i t e  S 

mesozoicus occurr ing c o n s i s t e n t l y .  With t h e  except ion  of t h e  core  sample a t  

2986.631~ (uncorrec ted  depth)  microplankton assemblages a r e  sparse ,  wi th  sporadic  

occurrences  of Nannoceratopsis  sp. Tasmanites spp. and t h e  f reshwater  a l g a  

Botryococcus spp. 

A t  2986.63rn(core, uncorrected depth)  t h e  microplankton assemblage i S e s s e n t i a l l y  

composed of t h r e e  forms: t he  d i s t i n c t i v e  netromorph a c r i t a r c h  Leiofusa 

" so l ida" ,  and t h e  d inocys t  S Nannoceratop si S g r a c i l i  S and N. senex. Leiofusa 

" so l ida"  u s u a l l y  marks the  p e n e t r a t i o n  of sediment S equ iva l en t  t o  t h e  upper p a r t  

o f  t h e  Ness Formation i n  t h i s  r eg ion  of t h e  Oseberg F i e l d  complex. The 

simultaneous appearance of numerous specimens of N. senex i n d i c a t e s  a n  age no 



younger than  middle Bajocian, a s  does t h e  f i r s t  appearance of Chasmatosporites 

spp. a t  t h i s  same depth: a miospore t h a t  i s  considered t o  range no younger t han  

Ba jocian. 

The increased  inc idence  of i n e r t  i n i t i c  and v i  t r i n i t i c  kerogen w i t h i n  t h i s  

i n t e r v a l  r e f l e c t s  t h e  proximity of t e r r e s t r i a l ,  swamp-type macrofloras ,  a n  

i n t e r p r e t a t i o n  supported b y  t h e  increased  d i v e r s i t y  of p te r idophyte  miospores 

recorded. 

An impoverished pa lynof lora  w a s  recovered from t h e  s idewal l  c o r e  a t  3050.70111 

prevent ing accu ra t e  da t ing  of t h e  lower p a r t  of t h i s  i n t e r v a l .  I n  a d d i t i o n ,  

d i t c h  c u t t i n g s  samples y ie lded  assemblages s i g n i f i c a n t l y  modified by  caved taxa  

from t h e  Cal lovian  i n t e r v a l s  and t h e  upper p a r t  of t h i s  i n t e r v a l  (Ness 

Formation). 



INTERVAL 3070m-3186m(SWC); MIDDLE - EARLY JURASSIC, EARLIEST BAJOCIAN - MIDDLE 

TOARCIAN 

L i t h o s t r a t i g r a p h i c  Unit  S: 

Unassigned U n i t :  3070m-3116m(log). 

Dunlin Group ( p a r t )  ; 

Drake Formation: 3116m(log)-3186m(S~C). 

Environment: i n i t i a l l y  marine, i n n e r  s h e l f  wi th  aerobic /dysaerobic  bottom 

cond i t i ons ,  becoming p rog res s ive ly  marginal  marine/ inner  she l f .  

The age and upper l i m i t  of t h e  i n t e r v a l  a r e  def ined  upon t h e  fol lowing 

pa lynologica l  c r i t e r i a :  

- t h e  occurrence of Mancodinium semi tabula  tum a t  3070111. 

- t h e  presence of a ques t ionable  specimen of S c r i n i o c a s s i s  weberi,  a t  3080m. 

- t h e  a s s o c i a t i o n  of S. weberi ,  Nannoceratop sis aniboni S and Comparodinium 

punctatum a t  3117m(SWC). 

MICROPALAEONTOLOGY 

The microfaunas of t h i s  i n t e r v a l  a r e  extremely impoverished and i t  i S suspected 

t h a t  t h e  r a r e  specimens of agg lu t ina t ed  foramini fe ra  recorded a r e  caved from t h e  

La te  J u r a s s i c .  The occurrence of a s i n g l e  specimen of Trochammina sp. a t  3120m 

may r e f l e c t  t h e  presence of l a t e  - middle Toarcian d e p o s i t s  a t  t h i s  depth. 

P ALYNOLOGY 

Pa lynof lo ra s  recovered from t h e  d i t c h  c u t t i n g  S sample S w i t h i n  t h i s  i n t e r v a l  a r e  

s i g n i f i c a n t l y  modified by caved taxa  from t h e  over ly ing  Late  J u r a s s i c ,  

p a r t i c u l a r l y  Cal lovian ,  i n t e r v a l s ,  r e s u l t i n g  i n  t h e  recovery of impoverished i n  

s i t u  assemblages. I n  a d d i t i o n ,  a p a r t  from t h e  s idewal l  co re  a t  3117m, 

pa lynof lo ra s  recovered from t h e  s idewal l  c o r e s  a r e  a l s o  impoverished. A s  a 

r e s u l t ,  t he  da t ing  of t h i s  i n t e r v a l  i s  based upon meagre evidence, hence t h e  

wide ranging age assigned.  

Assemblages a r e  dominated by miospores throughout,  c h a r a c t e r i s e d  by t h e  common 

t o  abundant occurrences  of undif f e r e n t i a t e d  b i s a c c a t e  S, P e r i n o p o l l e n i t e s  

e l a t o i d e s ,  t h e  Baculatisporites/0smundacidites group, Ce reb ropo l l en i t e s  

mesozoicus, Del toidospora spp., C a l l i a l a s p o r i t e s  spp. and Chasmatospori tes  spp. 



Common specimens of Nannoceratopsis  senex a r e  encountered a t  and below 

3117m(SWC), becoming abundant a t  3172.50111. 

A s i n g l e  specimen of Mancodinium semitabulatum was recorded a t  3070m and based 

upon r eg iona l  cons ide ra t ions  i s  considered t o  i n d i c a t e  a n  age no younger t han  

t h e  lower p a r t  of t h e  e a r l y  Bajocian o r  even a Toarc ian  age. Th i s  d i s t i n c t i v e  

taxon, which can  extend up i n t o  d e p o s i t s  of middle Ba joc i an  age, normally,  i n  

t h e  Oseberg F i e l d  complex, does  not occur i n  sediment S of p o s t - e a r l i e s t  Bajoc ian  

age. Th i s  age assignment i s  t e n t a t i v e l y  supported by t h e  presence of a 

ques t ionable  specimen of S c r i n i o c a s s i s  weberi a t  3080111, a s p e c i e s  which does  not 

extend . into post-ear lie st B a  j oc i an  depos i t  S. 

The s idewal l  c o r e  a t  3117m y ie lded  a r e l a t i v e l y  r i c h  assemblage conta in ing  t h e  

a s s o c i a t i o n  of S c r i n i o c a s s i s  weberi,  Nannoceratopsis ambonis and Comparodinium 

punctatum, which on l o c a l  c o r r e l a t i o n  sugges t s  a l a t e  - middle Toarc ian  age. 

An age no younger than  t h e  "Sphaeromorphs" Subzone (XVIIIC) of t h e  

Nannoceratop si S g r a c i l i  S Zone (XVIII) i S i n d i c a t e d  a t  3172.50m by t h e  appearance 

of numerous c l u s t e r s  of "sphaeromorph" a c r i t a r c h  S. 

Of a d d i t i o n a l  i n t e r e s t  i s  t h e  occurrence,  a t  3 117m(SWC), of recycled miospores 

inc luding  s t r i a t e  b i s a c c a t e s  (Permo-Triassic) and S t r i a t o a b i e i t e s  a y t u g i i  

(Carn ian  - Scythian) .  Thei r  occurrence a t  t h i s  hor izon  may b e  of l o c a l  

c o r r e l a t i v e  va lue ,  r e f l e c t i n g  a phase of i n t r o d u c t i o n  of reworked m a t e r i a l  from 

t h e  source a rea .  



INTERVAL 3186m(S~~)-3220m(SWC); EARLY JURASSIC, EARLY TOARCIAN 

Li tho  s t r a t i g r a p h i c  Unit:  

Dunlin Group ( p a r t ) ;  

Drake Formation ( p a r t ) .  

Environment: marine, i n n e r  she l f  wi th  anaerobic /dysaerobic  bottom condi t ions .  

The upper l i m i t  and age of t h i s  i n t e r v a l  a r e  based upon t h e  following 

pa lynof lo ra l  c r i t e r i o n :  

- t h e  occurrence of abundant specimens of " sphaeromorph" a c r i t a r c h  S a t  

3 186m( SWC) . 

MICROPALAEONTOLOGY 

Impoverished microfaunas, a s  seen  i n  t h e  over ly ing  i n t r e v a l ,  cont inue  t o  b e  

recorded. 

PALYNOLOGY 

One d i t c h  c u t t i n g s  and one s idewal l  core  sample were analysed from t h i s  

i n t e r v a l .  Although gymnosperm po l l en  cont inue  t o  b e  t h e  dominant element of t h e  

pa lynof loras ,  a s i g n i f i c a n t  change i n  t h e i r  composition was recorded w i t h  a n  

i n f l u x  of common specimens of Cha smatospor i tes  spp. w i th  P e r i n o p o l l e n i t e  S 

e l a t o i d e s  and C a l l i a l a s p o r i t e s  dampieri  becoming very ra re .  

The microplankton assemblage i n  t h e  s idewal l  co re  a t  3186m i s  c h a r a c t e r i s e d  by 

t h e  occurrence of abundant "sphaeromorph" a c r i t a r c h  c l u s t e r  S. Thi S palynoevent 

i s  i n d i c a t i v e  of t h e  pene t r a t ion  of sediments equiva len t  t o  t h e  e a r l y  Toarcian 

p a r t  of t h e  "Sphaeromorphs" Subzone (XVIIIC). 



INTERVAL 3220m(SWC)-3418m; EARLY JURASSIC, LATE PLIENSBACHIAN - SINEMURIAN 

L i t h o s t r a t i g r a p h i c  Unit S: 

Dunlin Group ( p a r t ) :  3220m(SWC)-3387m(log); 

Drake Formation: 3220m(SWC)-3241m(log), 

"Sand U n i t " :  3241m(log)-3288m(log), 

"Shale Unit": 3288m(log)-3387m(log). 

S t a t f  jord Formation: 3387m(log)-3418m. 

Environment: i n i t i a l l y  de l ta ic /marginal  marine, becoming i n n e r  shelf  wi th  strong 

t e r r e s t r i a l  i n f luence  S. 

The upper l i m i t  and age of t h i s  i n t e r v a l  a r e  defined upon t h e  following 

palynological  c r i t e r i a :  

- t h e  occurrence of a  l a t e s t  P l iensbachian  palynoflora a t  3220m(SWC). 

- t h e  subsequent appearance of Cerebropol leni tes  c f .  t h i e r g a r t i i  a t  3232.501~. 

MICROPALAEONTOLOGY 

This  i n t e r v a l  i s  b a r r e n  of i n  s i t u  microfauna, probably a s  a  r e s u l t  of i t s  

marginal marine environmental s e t t ing .  

PALYNOLOGY 

From 3220m(SWC) t o  3265m ( d i t c h  c u t t i n g s )  t h e  pa lynof loras  examined were 

dominated by gymnosperm pol len ,  p a r t i c u l a r l y  undif f e r e n t i a t e d  b i s a c c a t e  S, 

Chasmatosporites spp. and Cerebropol leni tes  spp. Marine microplankton form a 

prominent p a r t  of t h e  palynoflora i n  the  s idewall  co re  sample a t  3220m. Th i s  i s  

reduced t o  very r a r e  acanthomorph a c r i t a r c h  s  and pra sinophycean a lgae  i n  t h e  

d i t c h  c u t t i n g s  sample from 3265m, whi l s t  i n  t h e  s idewall  co re  sample a t  t h e  same 

depth  a n  exclus ive ly  t e r r e s t r i a l  derived assemblage was encountered. A s ing le  

specimen of Tasmanites sp. was present a t  3297.50m(SWC) ind ica t ing  

weak/ f luc tua t ing  s a l i n i t i e s .  

No i n  s i t u  marine microplankton were recorded from 3307.50111 t o  3418m. Within 

t h i s  i n t e r v a l  pter idophyte miospores became more d ive r se  and numerou S, with 

Deltoidospora spp. and element s of t h e  Bacu la t i  spori tes/O smundacidi t e s  group 

f requent ly  numerous t o  common and Kluk i spor i t e s  spp., Ver rucos i spor i t e s  spp. and 

Dic tyophy l l id i t e s  spp. occurr ing cons i s t en t ly .  Gymnosperm p o l l e n  s t i l l  form t h e  



dominant p a r t  of t h e  pa lynof lora  S, however, cha rac t  e r i  sed by  numerou S t o  common 

u n d i f f e r e n t i a t e d  b i s a c c a t e s  and Cereb ropo l l en i t e s  c f .  t h i e r g a r t i i  w i th  

c o n s i s t e n t l y  occurr ing Chasmatosporites spp. 

A t  3220m(SWC) t h e  outgoing of common t o  abundant "sphaeromorph" a c r i t a r c h s  

i n d i c a t e s  a l a t e  P l i ensbach ian  age. The b a s e  of t h e  range of Nannoceratopsis 

t r i c e r a s  a t  t h e  same depth i n d i c a t e s  a n  age equiva len t  t o  t h e  upper p a r t  of t h e  

Luehndea spinosa Subzone (xVIIID) , a n  age a ssignment supported by t h e  l a  st 

downhole occurrence of  N. senex and N. g r a c i l i  S, n e i t h e r  of which range any 

o l d e r  t han  l a t e  Pl iensbachian.  Fu r the r  evidence f o r  a l a t e  P l i ensbach ian  age 

comes from t h e  appearance of Ce reb ropo l l en i t e s  c f .  t h i e r g a r t i i  a t  3232.50m and 

i t s  common occurrence a t  3265m(SWC), a f e a t u r e  c h a r a c t e r i s t i c  of sediment of 

t h i s  age i n  t h i s  p a r t  of t h e  North Sea. 

Although no p o s i t i v e  b i o s t r a t i g r a p h i c  evidence f o r  a Sinemurian age w a s  

recovered from t h i s  i n t e r v a l  t h e  p e n e t r a t i o n  of sands ass igned  t o  t h e  S t a t f j o r d  

Formation sugges ts  t h a t ,  on  r eg iona l  grounds, t h e  i n t e r v a l  may be  a s  o l d  a s  

Sinemurian i n  t h e  lower p a r t .  

Rare occurrences of s t r i a t e  b i s a c c a t e s  (3297.50m(SWC) and 3376m(SWC)) i n d i c a t e  

t h e  recyc l ing  of Pexmo-Triassic sediment S w i t h i n  t h i s  i n t e r v a l .  



GEOLOGICAL HISTORY 

SINEMURIAN TO TOARCIAN 

TOARCIAN TO LATE BAJOCIAN- 

EARLY BATHONIAN 

The o lde  st sediment S encountered a r e  f i n e  t o  

coa r se  gra ined  sandstone S depos i ted  w i t h i n  a  

f l u v i o - d e l t a i c  s e t t i n g ,  w i t h  t h e  p o s s i b i l i t y  

o f  minor marine in f luences .  Sand d e p o s i t i o n  

ceased ab rup t ly ,  probably w i t h i n  t h e  l a t e  

Sinemurian, r e s u l t i n g  i n  t h e  accumulation of 

s h a l e s  w i t h i n  a  marginal  marine t o  i n n e r  

she l f  s e t t i n g .  Within t h e  P l i e n a a c h i a n ,  a 

s i g n i f i c a n t  i n f l u x  of arenaceou S d e t r i t u s  

occurred  w i t h i n  a  proximal,  marine l o c a t i o n .  

During t h e  l a t e  P l iensbachian ,  sha le  

d e p o s i t i o n  resumed and cont inued i n t o  t h e  

e a r l y  Toarcian,  during which time anoxic 

bot tom c o n d i t i o n s  p reva i l ed .  

Within t h e  l a t e  - middle Toarc ian  per iod  a  

major i n f l u x  of sand occurred which 

cont inued i n t o  t h e  e a r l y  Ba jocian. These 

d e p o s i t  S a r e  considered t o  probably have 

been  l a i d  down w i t h i n  a n  i n n e r  

she l f /margina l  marine environment w i th  

s t rong  t e r r e s t r i a l  i n f luence .  Continued 

r e g r e s s i o n  during t h e  e a r l y  Ba j o c i a n  

r e s u l t e d  i n  t h e  prograda t ion  of t h e  

de l ta - top  f a c i e s  of t h e  Ness Formation. 

T h i s  s t y l e  of sedimentat ion cont inued i n t o  

t h e  middle B a  jocian.  

A l a t e  Ba joc i an  t r a n s g r e s s i v e  phase 

subsequent ly inundated t h e  del ta- top,  

following a  b r i e f  phase of nonrdepos i t ion  

and/or  e ros ion ,  and l e d  t o  t h e  accumulat ion 

of marine sands. Th i s  s t y l e  of 
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sedimentat ion continued t o  t h e  e a r l y  

Bathonian. 

MIDDLE - LATE BATHONIAN 

CALLOVIAN TO LATE VOLGIAN- 

EARLY RYAZANIAEa 

LATE RYAZANIAN TO HAUTERIVIAN 

BARREMIAN TO MIDDLE 

ALBIAN 

LATE ALBIAN TO CONIACIAN 

SANTONIAN TO MAASTRICHTIAN- 

LATE MAASTRICHTIAN 

ABSENT - due t o  e i t h e r  d e p o s i t i o n  wi th  

subsequent e r o s i o n  o r  non-deposition. 

Sedimentat ion resumed i n  response 

t o  t h e  widespread e a r l y  Ca l lov ian  

t r a n s g r e s s i v e  phase wi th  t h e  accumulation of  

s h a l e s  and l imes tones  i n  a n  i n n e r  she l f  

environment with a e r o b i c  bottom condi t ions .  

Depos i t ion  appears  t o  have been  cont inuous  

i n t o  t h e  e a r l y  Ryazanian wi th  t h e  

accumulat ion of shale  S under p rog res s ive ly  

anaerobic /dysaerobic  bot tom c o n d i t i o n s  wi th  

t h e  es tab l i shment  of a s t r a t i f i e d  water  

column. 

ABSENT - due t o  non-deposition o r  d e p o s i t i o n  

wi th  subsequent e ros ion .  

Sedimentat ion resumed w i t h i n  t h e  

Barremian. Deposi t ion wa S probably 

i n t e r m i t t e n t  w i th  very slow subsidence r a t e s  

throughout t h e  Apt ian  t o  middle Albian, 

w i t h i n  a shallow, oxygenated, i n n e r  s h e l f  

l oca t ion .  

ABSENT - due t o  non-deposition o r  d e p o s i t i o n  

wi th  subsequent e ros ion .  

Depos i t ion  resumed dur ing  t h e  

La te  Cretaceous r e s u l t i n g  i n  t h e  

accumulation of a predominantly a r g i l l a c e o u s  

sequence w i t h i n  a n  i n n e r  t o  ou te r  she l f  

l o c a t i o n .  
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PALAEOCENE Following a minor unconf ormity, probably due 

t o  t h e  e f f e c t s  of North At lan t i c  r i f t i n g ,  

sedimentation resumed w i t h i n  t h e  Early 

Palaeocene, Danian. Deposition was 

continuous i n t o  t h e  Late Palaeocene under 

outer  shel f  t o  upper bathyal  depths. 

Towards the  end of t h e  Late  Palaeocene a 

s i g n i f i c a n t  volcanic event, associa ted  with 

f u r t h e r  North A t l a n t i c  r i f t i n g ,  r e su l t ed  i n  

the  deposi t ion  of tuf  faceous shale  S. 
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