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INTRODUCTION 

This report summarises the results of the micropalaeontological, palynological 

and stratigraphic analyses which have been carried out on material received 

from the section 1500m - 2646mT.D. from the Statoil 34110-14 Norwegian North 

Sea Well under Project No, RR~S/823/A/10287. 

The following analyses were carried out: 

Lithology: 318 ditch cuttings, 9 sidewall core and 18 core samples from the 

entire section. 

Micropalaeontology: 317 ditch cuttings, 9 sidewall cores and 3 core samples, 

from the interval 1500m - 2646m T.D. 
Palynology: 60 ditch cuttings, 9 sidewall cores and 18 core samples from the- 

interval 1800m -. 2646m T.D. 

The basic breakdown obtained by these analyses has already been communicated by 

telex and telephone and forms the framework of factual information on which 

this report is based,. A summary of the sequence penetrated in this well can be 

seen on page 4. 

All rock colour references in this report conform to the "Rock-Color Chart" 

distributed by the Geological Society of America, The lithological 

descriptions of the sidewall cores can be seen in Appendix I whilst those of 

the core pieces can be seen in Appendix 11. All core piece depths quoted are 

uncorrected. 

It should be noted that the lithostratigraphic terminology is taken from Deegan 

and Scull 1977. The stratigraphic significance of the Rhaetian - Volgian 
dinocyst zones is summarised in AppendixIlI. 

The prepared samples and recorded information are now filed and curated in the 

confidential records section of these laboratories. 
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SUCCESSION 

Middle? - Early? 
Eocene 

1500m ( t o p  not  seen) 

Late  Palaeocene 1554m 

Late Cretaceous l a t e  Maast r icht ian  - Campanian 1730m(log) 

Midddle - Early e a r l y  Bajocian - latest Toarcian 1907m(log) 
J u r a s s i c  

( l a t e  - middle Toarcian 2106m 
( 
( ?Fau l t  ...................................... 

Early  J u r a s s i c  ( 
( l a t e  Pliensbachian 2159m(log) 
( 
( e a r l y  Pliensbachian - Sinemurian 2229.4h( SWC) 

Ear ly  Jurassic.  - 
Late  T r i a s s i c  

2372m(log) - 
2646m T.D. 

This  breakdown has been achieved by a n a l y s i s  of d i t c h  c u t t i n g s ,  se lec ted  

s idewal l  core  and core  p iece  samples. E l e c t r i c  log  information (GR/ISF/BHC; 

FDCICNL) w a s  made avai lable .  
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LITHOSTRATIGRAP HY 

Wireline logs (GR, ISF, FDC, CNL, BHC and MsFL), were provided for the study of 

this well and all but one of the lithostratigraphic unit boundaries are based 

on 1og.breaks. Interpretation of the lithologies is based on ditch cuttings, 

sidewall cores and selected core piece evidence and is adapted to the wireline 

log accordingly, The lithostratigraphic terminology is taken from Deegan and 

Scull (1977). 

LITHOSTRATIGRAPHIC UNITS 

HORDALAND GROUP: 1500111 - 1554m; Age: Middle? - Early? Eocene, 
This group is dominated by moderately fissile, dark greenish grey, often 

pyritic shales which contain stringers or concretions of light olive grey, 

granular limestones, There are also fragments of white, fine grained 

sandstones in the ditch cuttings samples at 1509m and 1548m,but these may be 

caved. Lost circulation material is present. in the samples from 1509m to the 

base of the interval. 

ROGALAND GROUP: 1554m - 1730m(log); Age: Late Palaeocene. 

This group is, represented by two formations. 

Balder Formation: 1554m - 1621m(log); 
In conjunction with the micropalaeontological evidence, the top of this 

formation is taken on the incoming of dark grey to dark greenish grey shales 

which are rarely speckled white and may be tuffaceous. More positively 

identified tuffs and tuffaceous shales are seen, however, at and below 1557m. 

They are 'rubblyt, olive grey to medium dark grey and light olive grey to 

greenish grey, mottled white. Pyrite is abundant throughout and hard, 

cryptocrystalline, dark grey limestone is noted in the ditch cuttings samples 

at 1587m. The latter may, however, be an altered volcanic. Traces of fine 



grained,  angular  sand a r e  noted a t  1617m. 

L i s t a  Formation: 1621m(log) - l73Om(log) ; 

This formation comprises moderately f i s s i l e ,  l i g h t  o l i v e  grey t o  greenish  grey 

sha les  which conta in  t h i n ,  s c a t t e r e d  in te rbeds  of white, f i n e  t o  coarse  

gra ined,  angular  sand and s t r i n g e r s  o r  concre t ions  of l i g h t  o l i v e  grey t o  o l i v e  

grey limestones. From 1689m t o  1887m l o s t  c i r c u l a t i o n  m a t e r i a l  dominates the  

d i t c h  c u t t i n g s  samples. 

SHETLAND GROUP: 1730m(log) - 1907m(log); Age: l a t e  Maast r icht ian  - Campanian. 

This group i s  domianted by l i g h t  grey t o  l i g h t  o l i v e  grey and o l i v e  grey 

v a r i a b l y  calcareous sha les  which a r e  interbedded with white, yellowish grey and 

l i g h t  grey limestones. Towards t h e  base of t h e  i n t e r v a l ,  a t  and below 1845m, 

t h e  sha les  become darker i n  colour being o l i v e  grey,  t o  dark  greenish  grey and 

dark  grey t o  o l i v e  black. A t  t h e  base of t h e  i n t e r v a l  t h e  s h a l e s  con ta in  t h i n  

l enses  of f r i a b l e ,  dusky yellowish brown, s i l t y  t o  f i n e  grained sandstone.,  

Lost  c i r c u l a t i o n  mate r i a l  again  dominates t h e  samples throughout. 

BRENT GROUP: 1907m(log) - 2074m(log); Age: e a r l y  Bajocian. 

This  group i s  represented by only  t h r e e  formations with t h e  Tarbert  Formation 

being absent  and t h e  Broom Formation being t r a n s i t i o n a l  ( s e e  below). Most of 

t h i s  group has  been cored and t h e  l i t h o l o g i e s  a r e  the re fo re  deduced from 

se lec ted  core  p ieces  and wi re l ine  log  evidence. 

Ness Formation: 1907m(log) - l977m(log) ; Age : e a r l y  Ba  jocian,  

This  formation i s  t y p i c a l l y  charac te r i sed  by an interbedded sequence of sha les ,  

sandstones and coals .  The sha les  a r e  f i s s i l e ,  l i g h t  o l i v e  grey t o  o l i v e  grey 

and dark yellowish brown, carbonaceous, p y r i t i c  and o f ten  s i l t y ,  whi l s t  

sandstones a r e  f r i a b l e ,  l i g h t  o l i v e  grey t o  o l i v e  grey,  very f i n e  gra ined,  

subangular, micaceous, a r g i l l a c e o u s  and carbonaceous. The coa l s  a r e  f i rm,  

black t o  greyish brown, b r i t t l e ,  subvitreous t o  earthy.  

so 
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Etive Formation: 1977m(log) - 2003m(log); Age: e a r ly  Bajocian. 

Unfortunately, no core pieces were provided over t h i s  i n t e r v a l ,  but wire l ine  

log evidence, showing the  typ ica l  response f o r  t h i s  formation, suggests 

var iab ly  argi l laceous  sandstone i s  t he  i n  s i t u  l i thology.  

Rannoch Formation: 2003m(log) - 2074m(log); Age: e a r ly  Bajocian. 

Fr iable  l i g h t  grey to  l i g h t  o l ive  grey,  very f i n e  t o  f i n e  grained,  angular,  

micromicaceous, of ten a rg i l l aceous  and calcareous sandstone i s  the t yp i ca l  

l i tho logy  f o r  t h i s  formation. 

BRENT GROUP/DUNLIN GROUP: 2074m(log) - 2086m(log); Age: ea r ly  Bajocian - 
l a t e s t  Toarcian. 

Broom Formation/ Drake Formation : 

The occurrence of f r i a b l e ,  white, f i n e  t o  very coarse  grained,  angular t o  

subrounded sandstones would normally i nd i ca t e  the  presence of the  Broom 

Formation of- the  Brent Group.. However, t h e  presence of interbedded o l i ve  grey 

claystones t yp i ca l  of the  Drake Formation of the  Dunlin Group, suggests t h a t  

t h i s  i n t e r v a l  represents  a t r a n s i t i o n  between t h e  two formations. This 

t r a n s i t i o n  is  c l e a r l y  indicated by a gradual  upward decrease i n  the  gamma ray  

response on t h e  w i r e l i n e  log, 

DUNLIN GROUP: 2086m(log) - 2372m(log) Age: e a r ly  Bajocian - l a t e s t  Toarcian 

t o  e a r l y  Pliensbachian - Sinemur ian. 

The group i s  represented by only three  formations. It i s  considered t h a t  the  

Cook Formation is probably f au l t ed  out. 

Drake Formation: 2086m(log) - 2159m(log); Age: e a r l y  Bajocian - l a t e s t  

Toarcian t o  late  - middle Toarcian. 

Whilst o l i ve  grey t o  dark grey,  micaceous, occasionally s l i g h t l y  s i l t y  

claystones a r e  no t  seen u n t i l  2103m i n  t h e  d i tch  cu t t ings  samples, t h e  whole 

i n t e r v a l  i s  considered t o  be dominated by t h i s  l i thology.  

7 
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Burton Formation: 2159m(log) - 2203m(log) ; Age : l a t e  Pliensbachian. 

The top of t h i s  formation i s  taken on a d i s t i n c t i v e  gamma r a y  l o g  break with an 

upward increase .  The l i t h o l o g i e s  comprise f i rm,  o l i v e  grey t o  medium dark 

g rey ,  micaceous, s i l t y  c lays tones  which occas ional ly  con ta in  f r i a b l e ,  white 

s i l t s t o n e  lenses .  

Amundsen Formation: 2203m(log) - 2372m(log); Age: la te  Pliensbachian t o  e a r l y  

Pliensbachian - Sinemurian. 

From t h e  top of t h i s  i n t e r v a l  down t o  2231m t h e  d i t c h  c u t t i n g s  samples a r e  

dominated by l i g h t  o l i v e  grey t o  o l i v e  grey,  micaceous, o f t e n  highly s i l t y  

c lays tones  which conta in  in terbeds  of medium dark grey,  micaceous, a r g i l l a c e o u s  

s i l t s tones , .  From 2231m t o  2319m t h e  c lays tones  become dark grey t o  o l i v e  grey,  

micromicaceous, they a r e  only occas ional ly  s l i g h t l y  s i l t y  and r a r e l y  con ta in  

s i l t s t o n e  in terbeds .  From 2319m t o  the  base of the  i n t e r v a l  the  d i t c h  c u t t i n g s  

samples a r e  dominated by very f i n e  gra ined,  angu la r  sand. From t h e  gamma ray 

l o g  t h i s  sand would appear t o  be h ighly  a rg i l l aceous  and probably micaceous. 

Only r a r e  fragments of o l i v e  grey t o  medium grey micaceous c lays tones  occur i n  

t h e  samples.+ In add i t ion ,  a t  and below 2355m, t h e  sand is coarse r ,  being 

g e n e r a l l y  f i n e  t o  medium ( b u t  some coarse) grained.  This b a s a l  coarse r  grained 

s e c i t o n  may poss ib ly  represen t  reworking of t h e  underlying Nansen Member of t h e  

S t a t f  jord Formation. 

S t a t f j o r d  Formation: 2372m(log) - 2646mT.D. Age: Ear ly  J u r a s s i c  - Late 

Triassic. .  

This  formation i s  represented by t h r e e  members. 

Nansen Member: 2372m(log) - 2397m(log) ; 

This member i s  character ised  by unconsolidated, white,  sandstone which has 

t r ans lucen t  t o  opaque, f i n e  t o  very  coarse ,  angular  gra ins .  Several medium 

grey t o  o l i v e  grey micaceous c lays tones  occur a s  interbeds.  

E i r ikson  Member: 239 7m(log) -. 2457m(log) ; 

The d i s t i n c t i v e ' l o g  p a t t e r n  suggests  the  presence of t h i s  member. The d i t c h  

c u t t i n g s  samples throughout t h i s  i n t e r v a l  a r e  dominated by white,  f i n e  t o  

coarse  gra ined,  angular  sand which i s  highly  angular  a t  and below 2433m. I n  

add i t ion  some carbonaceous debr i s  is  noted a t  2397m and 2403m - a f e a t u r e  which 

i s  o f t e n  c h a r a c t e r i s t i c  of t h i s  member. No sha les  were seen i n  the  d i t c h  

c u t t i n g s  samples but wi re l ine  log  evidence suggests  t h a t  in te rbeds  a r e  present .  



Raude Member: 2457m(log) - 2646m T .D .; 
This member comprises an  interbedded sequence of f i n e  t o  coarse  grained, 

angular  sand and waxy, dark grey t o  o l i v e  grey, sandy claystones.  The 

c lays tones  become var iegated  a t  and below 2559m being o l i v e  grey t o  dark grey, 

very dark red t o  purple, greenish grey t o  dark greenish  grey and l i g h t  o l i v e  

brown. 



BIOSTRATIGRAPHY 

V( 1 ) TERTIARY 

INTERVAL 1500m - 1554m; MIDDLE? - EARLY? EOCENE ( top  not seen) 

L i thos t ra t ig raph ic  Unit: 

Hordaland Group. 

Environment: marine, ou te r  shelf  t o  upper bathyal. 

The age of t h i s  i n t e r v a l  is based on t he  following c r i t e r i a :  

- the  occurrence of abundant spongodiscid and actinommid r a d i o l a r i a  a t  1506111 

and below. 

- t h e  occurrence of Cyclammina amplectens a t  1506m and below. 

- regional  s t r a t i g r a p h i c  considerations. 

The microfauna of t h i s  i n t e r v a l  i s  dominated by long-ranging agglut inated 

foraminifera  including species of Cyclammina, Haplophragmoides and Bathysiphon, 

together  with spongodiscid and actinommid rad io la r ia .  Cyclammina amplectens is 

considered by Gradstein and Berggren (1981) t o  be confined t o  t h e  Eocene and t o  

be pa r t i cu l a r l y  c h a r a c t e r i s t i c  of t he  Middle Eocene. I ts  occurrence suggests 

t h a t  t h e  age of t h i s  i n t e r v a l  is  no younger than t h e  Eocene. 

I n  t h e  absence of d iagnost ic  Early Eocene microfoss i ls  it is possible  t h a t  

t he r e  is  a n  unconformity separat ing t h i s  i n t e r v a l  from the  underlying sediments 

of La te  Palaeocene age, 
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INTERVAL 1554m - 17 3Om( log) ; LATE PALAEOCENE 

Li thos t ra t ig raph ic  Units: 

Rogaland Group ( p a r t )  : 

Balder Formation: 1554m - l62lm(log) ; 

L i s t a  Formation: 1621m(log) - 1730m(log). 

Environment: marine, o u t e r  shel f  t o  upper bathyal.  

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 the  following 

micropalaeontological  c r i t e r i a :  

- t h e  appearance of Coscinodiscus sp. 1 a t  1554m. 

- t h e  occurrence o f  Trochammina sp. A, a t  1623m and below. 

MICROPALAE ONTOLOGY 

A Late  Palaeocene age is  ind ica ted  by t h e  f i r s t  appearance a t  1554m of t h e  

p y r i t i s e d  diatom Coscinodiscus sp. 1. The microfauna i s  p a r t i c u l a r l y  spa rse  i n  

t h e  i n t e r v a l  1572m t o  1611m where vo lcanoc las t i c  sediments comprise t h e  

dominant l i tho type .  

A r i c h ,  w e l l  d i v e r s i f i e d  microfauna of agg lu t ina t ing  foraminifera ,  including 

t h e  index form Trochammina sp. A, appears a t  1623m. This fauna i s  dominated by 

spec ies  of Haplophragmoides, Bathysiphon, Cribros tomoides , and Glomospira wi th  

rare occurrences of Cyclammina spp.. 

The absence of d iagnos t i c  Ear ly  Palaeocene mic rofoss i l s  suggests  t h a t  t h e  

Palaeocene i s  separa ted  from t h e  Late Cretaceous by an unconformity. 
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V( 2) CRETACEOUS 

INTERVAL 17 3 h ( l o g )  - l9O7m( log)  ; LATE CRETACEOUS, LATE MAASTRICHTIAN - 
CAMPANIAM. 

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

She t land Group . 
Environment: marine, o u t e r  she l f .  

The upper l i m i t  of t h i s  i n t e r v a l  i s  based on a log  break a t  1730m, marking t h e  

unconformity between t h e  Late Palaeocene and Cretaceous. 

The age of t h i s  i n t e r v a l  i s  based on t h e  following micropalaeontologica1 and 

palynological  c r i t e r i a .  

- t h e  appearance of abundant specimens of Pseudotextularia elegans 

f r u c t i c o s a ,  P. elegans elegans and Globiger inel lo ides  asper  i n  the  c u t t i n g s  

sample from 172%. 

- t h e  presence of common Globotruncana contusa and represen ta t ives  of the  

Rugoglobigerina/Archaeoglobigerina complex a t  the  same depth. 

- t h e  presence wi th in  t h e  i n t e r v a l  of forms such a s  Reussel la  szajnochae 

szajnochae and Abathomphalus mayaroensis. 

- t h e  occurrence of increased numbers of agglut inat ing foraminifera  towards 

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

- t h e  appearance of Odontochit inia opercula ta  a t  1800m. 

- t h e  subsequent appearance of Raphidodinium fucatum and Palaeohystrichophora 

in fusor io ides  a t  1890.80m(core), 

- t h e  o v e r a l l  d inocyst  content ,  

MICXOP ALAE ONTOLOGY 

The appearance of Late Cretaceous foraminifera  i n  t h e  c u t t i n g s  sample a t  1725m 

i s  thought t o  r e f l e c t  the  log  breaks a t  1730m, the re  apparent ly  being a log  t o  

c u t t i n g s  depth discrepancy a s  previously noted a t  the  top of t h e  Palaeocene. 

The presence of abundant specimens of Pseudotextularia e legans  f r u c t i c o s a  and 

P. elegans elegans toge the r  wi th  common Globotruncana contusa i n d i c a t e s  t h a t  

t h e  youngest Late Cretaceous sediments a r e  of l a t e  Maastr ichtian age. 



The occurrence of Reussella szajnochae szajnochae from 1761m i s  of note  a s  t h i s  

i s  an  e a r l y  Maastr ichtian t o  Campanian form. In  add i t ion  t h e  increase  i n  

agg lu t ina t ing  foraminifera  noted towards t h e  base of the  i n t e r v a l  may i n d i c a t e  

t h e  presence of t h e  e a r l y  Campanian, T r i t a x i a  dubia Assemblage, although t h i s  

spec ies  is  absent.  As a r e s u l t  of t h e  above evidence a l a t e  Maast r icht ian  t o  

Campanian age range has been assigned t o  t h i s  i n t e r v a l .  

The microfaunas a r e  r i c h ,  and i n  t h e  upper p a r t  of t h i s  i n t e r v a l  a r e  dominated 

by t y p i c a l  Late Cretaceous planktonic foraminifera  such as Globiger inel lo ides  

a s p e r ,  Heterohelix globulosa and t h e  Rugoglobigerina/Archaeoglobigerina 

complex.. The increase  i n  agglutinaging forms noted near t h e  base of t h e  

i n t e r v a l  i s  represented by Bathysiphon spp. and Recurvoides spp.. It should be 

noted,  however, t h a t  some of t h e  specimens recorded may be caved from the  

Ter t i a ry .  

A major unconfomity  separa tes  t h i s  i n t e r v a l  from t h e  underlying J u r a s s i c  

depos i t s  with much of t h e  Late Cretaceous, the  Ear ly  Cretaceous, t h e  Late 

J u r a s s i c  and p a r t  of t h e  Middle J u r a s s i c  being unrepresented. 

PALYNOLOGY 

Rich microplankton dominated palynof loras  were recorded from t h e  d i t c h  c u t t i n g s  

and core  p iece  samples i n  t h i s  i n t e r v a l ,  Assemblages from t h e  d i t c h  c u t t i n g s  

samples between 1800m and 1884m a r e  character ised  by common t o  abundant 

specimens of Palaeoperidinium pyrophorum, Cera t iops is  d i e b e l i i  and 

u n d i f f e r e n t i a t e d  bisaccates.  Core piece samples between 1890.80m and 1911.46m 

conta in  palynofloras with common t o  abundant specimens of Po pyrophorum, 

Chatangiel la  spp. and und i f fe ren t i a ted  bisaccates.  A depths discrepancy i s  

apparent  between t h e  core  p ieces  and l o g  depths. 

An age no younger than Campanian i s  indicated  a t  1800m by t h e  appearance of 

Odontochitina operculata. This age assignment is  subs tan t i a ted  by t h e  

appearances of Adnatosphaeridium sp, sensu McIntyre, Hystrichosphaeridium s p .  2 

sensu McIntyre (1824m), Raphidodinium fucatum and Palaeohystrichophora 

in fusor io ides  (1890,80m(core)). I n  add i t ion ,  t h e  presence of very abundant 

specimens of P. pyrophorum a l s o  suggests  a genera l  Maastr ichtian - Campanian 

age. An age no o l d e r  than t h e  upper  p a r t  of the  Campanian i s  indicated  a t  



1895.45m(core) by the last downhole occurrence of Spongodinium delitiense. The 

appearance of Callaiosphaeridium asymmetricum at 1911.46m(core) tentatively 

suggests an age no younger than the early part of the Campanian. 

No positive palynological evidence has been encountered to indicate the 

presence of Cretaceous sediments of pre-Campanian age. 

A specimen of Heslertonia heslertonensis (1908.70m(core)) indicates recycling 

of Barremian - Hauterivian deposits, whilst some miospores encountered within 
the interval suggest reworking of Middle and Early Jurassic sediments. 



V( 3) JURASSIC 

INTERVAL 1907m(log) - 2106m; MIDDLZ - EARLY JURASSIC, EARLY BAJOCIAN - LATEST 

TOARCIAN . 
Lithos t r a t i g r aph i c  Units: 

Brent Group: 1907m ( log)  - 2074m ( log) ;  

Ness Formation: 1907m(log) - 1977m(log) ; 

Etive  Formation: 1977m(log) - 2003m(log); 

Rannoch Formation: 2003m(log) - 2074m(log). 

Brent Group/Dunlin Group: 2074m(log) - 2086m(log) ; 

Broom Formation/Drake Formation: 2074m(log) - 2086m(log). 

Dunlin Group (pa r t ) :  2086m(log) - 2106m(log); 

Drake Formation ( p a r t ) :  2086m(log) -- 2106m(log). 

Environment: i n i t i a l l y  inner  she l f  marginal marine with strong t e r r e s t r i a l  

inf luences ,  with increasing d e l t a i c  inf luences  uphole, culminating i n  marginal 

marine/non-marine d e l t a i c  environments. 

The top of t h i s  i n t e rva l  i s  based on a log break a t  1907m. The age is based on 

the  following palynological c r i t e r i a :  

- t h e  appearance of Nannoceratopsis.gracilis, N. senex and N. t r i c e r a s  a t  

1916.70m(core). 

- t h e  ove ra l l  palynof l o r a l  content. 

- regional  considerations.  

MICROP ALAE ONTOLOGY 

The samples examined from t h i s  i n t e r v a l  contain no i n  s i t u  microfauna. 

PALYNOLOGY 

Rich and diverse  miospore dominated palynofloras were recovered from the  d i t ch  

cu t t ings  samples and the  major i ty  of the core pieces examined i n  t h i s  in te rva l .  

Core pieces between 1991.48m and 2036.90m, however, yielded impoverished 

assemblages. The i n t e r v a l  i s  character ised by the  occurrence of common t o  



abundant specinens of undifferentiated bisaccates, Deltoidospora spp., the 

Baculatisporites/Osmundacidites group, Klukisporites variegatus, 

Perinopollenites elatoides, Classopollis spp., Converrucosisporites spp., 

Botryococcus spp., Nannoceratopsis gracilis and N. senex. 

Whilst the appearance of species of Nannoceratopsis (e.g. N. gracilis and N. 

senex) usually indicate, on regional considerations, an age no younger than 

middle Bajocian, N. gracilis Zone (XVIII), an age no younger than early 

Bajocian is indicated at 1916.70m(core) by the simultaneous appearance of 

Nannoceratopsis triceras, The first downhole appearance of this age-diagnostic 

taxon is of proven correlative value within the Brent Province in the lower 

part of the Ness Formation. An early Bajocian age is confirmed by the 

subsequent occurrence of Nannoceratopsis cf. spiculata, a dinocyst considered 

to be restricted to sediments of early Bajocian age in onshore sections in the 

U.K. 

Marginal marine palynofloras were recovered from the core pieces between 

1916.70m and 1963.49m, except for the coal at 1926.05m- 

A feature of potential correlative value is the appearance and consistent 

occurrence of abundant to common specimens of Nannoceratopsis gracilis and N. 

senex at and below 2094m. This palynoevent is aften first encountered downhole 

within the basal part of the Rannoch Formation or more commonly within the 

Broom Formation. Although this event is first encountered within the Drake 

Formation in the ditch cuttings, the possibility exists that there is a 

difference of approximately 17m between loggers and drillers depths near the 

BroomIDrake (see Summary Log). Although positive evidence is lacking, regional 

and local considerations suggest that the Bajocian/Toarcian boundary probably 

lies between 2074m(log) and 2106m. 

Reworking of Carboniferous and Permo-Triassic sediments is indicated at 

1916.70m(core) and 1918.50m(core) respectively. 

POBERTSO 
RESEARCH 



INTERVAL 2106m - 2159m(log); EARLY JURASSIC, LATE - MIDDLE TOARCIAN 

Lithos 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, inner  shel f  t o  marginal marine. 

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  following 

micropalaeontologica1 and palynological  c r i t e r i a :  

- an i n f l u x  of agglut inat ing foraminifera  from 2106m. 

- t h e  appearance of t h e  ostracod Kinkel inel la  c f ,  p e r i s i c a  a l s o  a t  2106m. 

- t h e  occurrence of Phal locysta  eumekes a t  2106m. 

- t h e  subsequent presence of the  ostracods Camptocythere toarc iana  and 

Macrocypris c f .  l i a s s i c a  a t  2118m. 

- t h e  o v e r a l l  pa lynof lora l  and kerogen content.  

This i n t e r v a l  i s  considered t o  have a f a u l t e d  contact  with t h e  underlying late 

Pliensbachian i n t e r v a l ,  t h e  f a u l t  occurring somewhere between 2155.50m(SWC) and 

2165m(SWC), and thought t o  be represented by t h e  log break a t  2159m. 

MICROP ALAE ONTOLOGY 

The occurrence of common agglut inat ing foraminifera  from 2106m suggests  t h a t  

t h e  Toarcian, Trochammina Assemblage i s  present  i n  t h i s  Snterval .  This i s  

confirmed by t h e  presence of t h e  d iagnos t i c  Toarcian os t racods  Kinkel inel la  c f .  

p e r i s i c a  (2106m), Camptocythere toarc iana  (2118m) and Macrocypris l i a s s i c a  

(2118m). The Trochammina Assemblage does not occur i n  e a r l y  Toarcian sediments 

and t h e  f a c t  t h a t  i t  occurs throughout t h i s  i n t e r v a l ,  being recorded i n  t h e  

s idewal l  core  a t  2155,5m, suggests  t h a t  t h e  i n t e r v a l  does no t  inc lude any e a r l y  

Toarcian deposi ts .  

Miospore dominated palynof loras  were recovered from t h i s  i n t e r v a l ,  assemblages 

being character ised  by the  occurrence of common t o  abundant specimens of 

und i f fe ren t i a ted  b i sacca tes ,  Chasmatosporites spp., Deltoidospora spp. and 

Nannoceratopsis senex. 



Few age-diagnostic taxa were recorded from t h i s  i n t e r v a l ,  although o v e r a l l  

content  suggests  a l a t e  - middle Toarcian age. Of i n t e r e s t  i s  the  occurrence 

of Phal locysta  eumekes a t  2106m, a dinocyst  which has a t o t a l  range of middle 

Toarcian - e a r l y  Bajocian, but i s  most commonly encountered i n  sediments of 

l a t e  - middle Toarcian age. Regional considera t ions  suggest t h a t  specimens of 

Eyachia p r i sca  and Fromea elongata a t  2166m a r e  caved from the  upper p a r t  of 

t h i s  i n t e r v a l ,  a s  both dinocyst  normally c h a r a c t e r i s e  sediments of la te  

Toarcian age. 

Although no age i n d i c a t i v e  d inocysts  were recorded from t h e  s idewal l  core  a t  

2155.50m, t h e  o v e r a l l  pa lynof lora l  content  and kerogen suggest de r iva t ion  from 

t h e  Drake Formation of la te  - middle Toarcian age. The assemblage i s  

considered t o  equate t o  t h e  Mancodinium semitabulatum Subzone ( X V I I I B ) ,  

I n  view of the  l a t e  Pliensbachian age assigned t o  t h e  s idewal l  core a t  2165111, 

t h e  absence of c h a r a c t e r i s t i c  e a r l y  Toarcian palynofloras and the  apparent  

absence of t h e  Cook Formation, regional  considera t ions  suggest  a f a u l t e d  

contact  between t h e  Toarcian and Pliensbachian. 

Reworked specimens of s t r i a t e  b i sacca tes  and R i c c i i s p o r i t e s  tubercula tus  a r e  

seen a t  2106m, suggesting recycl ing of sediments of Late T r i a s s i c  age. 

Reworked miospores are f requent ly  encountered wi th in  t h e  upper p a r t  of t h e  

Drake Formation i n  t h e  Brent Province. 



INTERVAL 2 l5%(log) - 2229.40m( SWC) ; EARLY JURASSIC, LATE PLIENSBACHIAN 

Li thos t ra t ig raph ic  Units: 

Dunlin Group ( p a r t ) ;  

Burton Formation: 215%(log) - 2203m(log); 

Amundsen Formation ( p a r t ) :  2203m(log) - 2229.40m (SWC). 

Environment: marine, i n n e r  shel f  t o  marginal marine. 

The upper l i m i t  of t h i s  i n t e r v a l  i s  based on a log  break a t  2159m, believed t o  

mark a fau l t ed  contact  between t h e  late - middle Toarcian and the  l a t e  

Pliensbachian. 

The age of t h e  i n t e r v a l  i s  based on t h e  following micropalaeontologica1 and 

palynological, c r i t e r i a :  

- t h e  presence of Marginulina prima prima i n  t h e  s idewal l  co re  a t  2165m. 

- t h e  subsequent occurrence of Dental ina matutina and t h e  ostracods 

Trachycythere tubulosa and Healdia amalthei  a t  2172m; Hungarella sp. B ,  

( 2 19 0m) ; and Gramannella apos t o l e s c u i  ( 2 19%) - 
- t h e  appearance of numerous specimens of Luehndea spinosa a t  2165m(SWC). 

- t h e  last  downhole occurrences of L. sp inosa ,  Nannoceratopsis g r a c i l i s  and 

N. t r i c e r a s  a t  2225 .00m(core) . 
MICROP ALAE ONTOLOGY 

The appearance of Marginulina prima prima i n  t h e  s idewal l  co re  a t  2165m 

i n d i c a t e s  t h a t  late Pliensbachian depos i t s  have been penet ra ted  a t  t h i s  depth. 

This  i s  confirmed by t h e  appearance i n  t h e  c u t t i n g s  sample a t  2172m of 

Dental ina matutina together  wi th  M. prima prima. 

Several  os tracods represen ta t ive  of t h e  la te  Pliensbachian,  Hungarella 

Assemblage a r e  encountered i n  t h i s  i n t e r v a l  including Trachycythere tubulosa 

(2172m), Healdia amalthei  (2172m), Hungarella sp. B. (2190m) and Gramannella 

apostolescui  (2199111). The l a t t e r  species  i s  usua l ly  f i r s t  encountered downhole 

s l i g h t l y  above the  base of t h e  l a t e  Pliensbachian. The presence of the  

ostracod Healdia mouhersensis from 2184m i s ,  however, somewhat anomalous a s  

t h i s  form had been believed t o  be confined t o  e a r l y  Pliensbachian o r  o lde r  

deposi ts .  Its presence may be due t o  reworking, but t h i s  seems somewhat 

POBERTSOH RESEARCH 



unlikely. 

Numbers are generally less than in the overlying interva1,although calcareous 

benthonic foraminifera and ostracods are more prominent. 

PALYNOLOGY 

Miospore domianted assemblages were recovered throughout this interval, 

characterised by common to abundant specimens of undifferentiated bisaccates, 

Chasmatosporites spp., the Baculatisporites/Osnnrndacidites group and 

Deltoidospora spp. Microplankton assemblages are characterised by comon to 

abundant specimens of Nannoceratopsis gracilis, N. senex and Botryococcus spp.. 

The appearance of numerous specimens of Luehndea spinosa at 2165m(SWC) suggests 

an age no younger than the late Pliensbachian, L. spinosa Subzone (XVIIID). 

Although this taxon extends into the early Toarcian, it is only numerically 

significant within the late Pliensbachian. The remainder of the microplankton 

encountered within this interval suggest a late Pliensbachian age. 

Confirmation of penetration of late Pliensbachian deposits is tentatively 

suggested at 2l90m( SWC) by the appearance of Cerebropollenites cf . thiergartii. 
This taxon has a total range of Bajocian - Rhaetian, but is most commonly 
encountered within late Pliensbachian or older sediments. 

Whilst the last downhole occurrences of L, spinosa and N. gracilis at 

2225.0Om(core) indicate an age no older than late Pliensbachian, the 

simultaneous occurrence of N. triceras suggescs an age no older than the upper 

part of the late Pliensbachian... 

Reworked miospores encountered within the interval indicate recycling of 

sediments of Permo-Triassic, especially Late permian sediments .. 



INTERVAL 2 229.4Om( SIX) - 2372m(log) ; EARLY JURASSIC, EARLY PLIENSBACHIAN - 
SINEMURIAN . 
Li thos t ra t ig raph ic  Unit: 

Dunlin Group ( p a r t ) :  

Amundsen Formation ( p a r t ) .  

Environment: marine, inner  she l f  t o  marginal marine. 

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

micropalaeontologica1 and palynological  c r i t e r i a :  

- t h e  appearance of Dental ina terquemi and common Lent icul ina  va r ians  i n  the  

s idewal l  core  a t  2229.40m. 

- t h e  occurrence of abundant Len t i cu l ina  va r ians  i n  t h e  c u t t i n g s  a t  223%. 

- t h e  subsequent occurrences of t h e  ostracods K l i n g l e r e l l a  cf .  t r i e b e l i  

(2304m) , and Isobythocypris unispinata  (231Om). 

- t h e  o v e r a l l  pa lynof lora l  content .  

MICROPALAEONTOLOGY 

The appearance of common Len t icu l ina  va r ians  i n  t h e  s idewal l  core a t  2229.40m 

and abundant specimens i n  the  c u t t i n g s  a t  2235m i n d i c a t e s  t h e  presence of t h e  - 
L. va r ians  Assemblage of e a r l y  Pliensbachian t o  l a t e  Sinemurian age. The 

presence of Dentalina terquemi i n  t h e  s idewal l  core a t  2229.40~ confirms t h a t  

e a r l y  Pliensbachian depos i t s  have been penet ra ted  a t  t h i s  depth. 

The os t racods  Wicherella semiora, f i r s t  seen a t  2241m and Hungarella 

e t a u l e n s i s ,  f i r s t  seen a t  226% a r e  l a t e  - e a r l y  Pliensbachian forms. 

K l i n g l e r e l l a  c f .  t r i e b e l i  (2304m) and Isobythocypris  unispinata  (2310m) a r e ,  

however, n o t  seen above t h e  e a r l y  Pliensbachian,  t h e  former ranging down i n t o  

t h e  Sinemurian, 

I n  view of t h e  evidence out l ined above an e a r l y  Pliensbachian - Sinemurian age 

range has been assigned t o  t h i s  i n t e r v a l .  

Calcareous benthonic foraminifera  represented mainly by Lent icul ina  va r ians  

dominate t h e  microfaunas, although ostracods continue t o  be prominent. Of 

a d d i t i o n a l  note  is  the  presence of common echinoderm fragments and gastropods, 



especially at the top of the interval, this being a feature often seen at this 

stratigraphic level. 

PALYNOLOGY 

Assemblages recovered from this interval are dominated by miospores, with 

common to abundant specimens of undifferentiated bisaccates and 

Cerebropollenites mesozoicus, Microplankton are dominated by common sepcimens 

of Botryococcus spp. between 2229.40m(SWC) and 2269m(SWC). The marked increase 

in freshwater influence suggested at and below 2296,40m(SWC) by the common 

occurrence of Botryococcus spp. is an event which regionally approximates to 

the latelearly Pliensbachian boundary, 

Palynofloras recovered from this interval contain few age diagnostic taxa, 

suggesting only a general Pliensbachian - Hettangian age, ~on-marinelbrackish 

assemblages were recovered from 2235m(SWC) - 2269m(SWC), whilst a marginal 

marine palynoflora was encountered in the sidewall core at 2241m. A single 

specimen of Nannoceratopsis senex was recorded in the latter sample, This 

dinocyst which is normally encountered in sediments of late Pliensbachian or 

younger age, is known to occur in onshore U.K. deposits of latest early 

Pliensbachian, Davoei ammonite zone age. If in situ, this specimen may 

indicate an age no older than this ammonite zone for this horizon, 

Reworked miospores observed within the interval indicate recycling of sediments 

of Carboniferous and Late Triassic ages. 



V14) JURASSIC - TRIASSIC 

INTERVAL 2372m(log) - 2646mT.D.; EARLY JURASSIC - LATE TRIASSIC 

Li thos t ra t ig raph ic  Units: 

Sta t f  jord Formation: 

Nansen Member: 2372m(log) - 2397m(log); 

Eirikson Member: 2397m(log) - 2457m(log); 

Raude Member: 2457m(log) - 2646mT.D. 

Environment: de l t a idmarg ina l  marine t o  f luvio-lacustrine.  

The upper l i m i t  of t h i s  i n t e r v a l  i s  based on a log break a t  2372m. 

The age assigned to  t h i s  i n t e r v a l  i s  based on the  following l i t h o l o g i c a l  and 

pal  ynological  c r i t e r i a :  

- t he  appearance of l i t h o l o g i e s  ind ica t ive  of the  S t a t f j o rd  Formation. 

- t h e  presence of a possible i n  s i t u  specimen of Oval ipol l is  -ovalis a t  2604m. 

MICROP ALAEONTOLOGY 

No i n  s i t u .  forms were recovered from t h i s  in te rva l .  

PALYNOLOGY 

Moderately r i c h  microfloras were encountered throughout t h i s  i n t e r v a l ,  

characterised by common to  abundant specimens of undifferent ia ted bisaccates.  

In view of the  l i t ho log i e s  encountered t h e  major i ty  of palynomorphs observed 

a r e  considered to  be derived, v i a  caving, from overlying Ear ly  Jurass ic  

i n t e rva l s .  

Although reworked palynomorphs a r e  recorded within the  i n t e r v a l ,  a specimens of 

Oval ipol l is  ova l i s  a t  2604m may be i n  s i t u  (based upon preservat ional  s t a t e ) .  

I f  t h i s  is cor rec t  then an age no younger than Late T r i a s s i c ,  Rhaetian would be 

suggested. No posi t ive  evidence, however, has been seen f o r  t h e  presence of 

palyniferous Upper Tr iass ic  deposits. 



GEOLOGICAL HISTORY 

LATE TRIA 

JURASSIC 

I I C  - EARLY The oldest sediments encountered are 

variegated claystones and sandstones 

deposited within a fluviatile/lacustrine 

environment under an arid climate. This 

depositional style continued uninterrupted 

into the Early Jurassic. A change in river 

base levels, possibly associated with the 

basal Early Jurassic eustatic event led to 

the onset of reducing conditions within a 

fluvio-deltaic setting. This facilitated the 

preservation of organic matter, within 

carbonaceous shales. A change to a semi-arid 

climate may also have occurred. Regional 

considerations suggest that the effective 

cessation of input of coarse detritus may 

have been a result of the regionally 

identifiable late Sinemurian eustatic event. 
t. 

This initiated deposition of claystones and 

siltstones. within marginal marine to inner 

shelf enviromnents , which continued 
uninterrupted into the late Pliensbachian. 

EARLY TOARCIAN ABSENT - the arenaceous Cook Formation 
appears to be absent. Regional and local 

considerations suggest that the absence of 

this formation is due to post-Early Jurassic 

faulting. This faulting may also have 

removed some upper Burton Formation and lower 

Drake Formation, although this cannot be 

accurately defined. 

POBE- 
RESEARCH 



MIDDLE - LATE TOARCIAN t o  Within t h e  middle - l a t e  Toarcian 

EARLY BAJOCIAN arg i l l aceous  depos i t s  accumulated under 

marginal marine t o  inner  she l f  s e t t i n g s .  

Towards t h e  end of t h e  Toarcian i n f l u x  of 

sand occurred, probably i n  response t o  a 

regional ly  i d e n t i f i a b l e  e u s t a t i c  event 

approximating t o  t h e  Toarcian/Bajocian 

boundary. A s e t t i n g  d i s t a l  t o  t h e  source of 

t h e  Broom Formation sands i s  suggested by t h e  

interbedded nature  with s h a l e s  of t h e  Drake 

Formation. 

Following deposi t ion  of t h e  Broom Formation, 

an i n f l u x  of micaceous sand occurred, 

accumulating i n  a v a r i e t y  of offshore  b a r  and 

shore l ine  s e t t i n g s .  Coarser sands of t h e  

E t ive  Formation were deposi ted  l a t e r ,  

probably a s  a beach o r  b a r  complex. 

Progradation of delta-top f a c i e s  of t h e  Ness 

Formation r e s u l t e d  i n  accumulation of sands, 

s h a l e s  and coals  i n  a v a r i e t y  of marginal 

marine t o  non-marine, d e l t a i c  s e t t i n g s .  

MIDDLE BAJOCIAN - 
SANTONIAN 

CAMPANIAN -. LATE 
MAASTRICHTIAN 

EARLY PALAEOCENE 

ABSENT - probably due t o  deposi t ion  with 

subsequent erosion. 

Deposition resumed due t o  t h e  widespread 

Campanian t ransgress ion,  wi th  sha les  

accumulating under o u t e r  s h e l f  condit ions.  

ABSENT - due t o  e i t h e r  deposi t ion  wi th  

subsequent eros ion o r  non-depositon. 



LATE PALAEOCENE - 
EOCENE 

Sedimentation recommenced in the Late 

Palaeocene, with shales and interbedded 

limestones being deposited in outer shelf to 

upper bathyal depths. The occurrence of 

tuffaceous shales towards the end of the 

Palaeocene reflects a marked volcanic episode 

which was associated with a phase of North 

Atlantic rifting. Normal shale deposition 

resumed in the Eocene, following a possible 

brief phase of non-deposition. 
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APPENDIX I 

SIDEWALL CORE DESCRIPTIONS 

Depth Core Rec. Qual. Type of Lithology 

No. (mm) Analysis 

EXC. 

EXC. 

EXC* 

Exc 

Good 

M P CLAYSTONE: s o f t ,  f r i a b l e ,  dark grey t o  

o l i v e  black, s l i g h t l y  s i l t y ,  

micromicaceous, f a i n t l y  py r i t i c ,  

non-calcareous. 

M P CLAYSTONE: s o f t ,  firm, o l i ve  grey, 

micromicaceous, non-calcareous, with 

numerous th in ,  p a r a l l e l  s t r i n g e r s  and 

lenses  of SILTSTONE: s o f t  t o  f r i a b l e ,  

white, weakly calcareous. 

M P CLAYSTONE: so f t ,  firm, medium dark 

grey t o  olive-grey, micromicaceous, 

non-calcareous, l o c a l l y  with t h in ,  

yellowish grey s i l t y  s t r ingers ,  

M P CLAYSTONE: so f t ,  firm, o l ive  grey, 

f a i n t l y  micromicaceous, l oca l l y  waxy, 

non-calcareous, with occasional  t h i n  

l enses  of SILTSTONE: soft ,white,  

l o c a l l y  with f i n e  sub-angular sand 

grains ,  mildly calcareous. 

M P CLAYSTONE: s o f t ,  firm, l i g h t  o l i ve  

grey t o  o l ive  grey, very s i l t y ,  

f a i n t l y  micromicaceous, moderately t o  

s t rongly calcareous. 



2229.40111 6 50 Exc. M P 

223 5m 5 30 V.G. M P  

2241m 4 42 Exc, M P 

226% 1 33 Exc. M P  

SHALE: s o f t ,  firm, weakly f i s s i l e ,  - 
dark greenish grey t o  o l ive  grey, 

micaceous, l oca l l y  with waxy surfaces ,  

non-calcareous, 

CLAY STONE: so£ t, f i n n ,  medium dark 

grey t o  o l ive  grey, micromlcaceous, 

non-calcareous, with common s t r i n g e r s  

and lenses  of SILTSTONE: white t o  

yellowish grey, s l i g h t l y  sandy and 

s t rongly calcareous. 

CLAYSTONE: s o f t ,  firm, medium dark 

grey t o  o l ive  grey, micromicaceous, 

non-calcareous, l o c a l l y  s l i g h t l y  

s i l t y .  

KEY - 
Exc. = Excellent  

M = Micropalaeontology 

P = Palynology 

V.G. = Very Good 

Qual, = Quali ty 

Rec. = Recovery 

CLAYSTONE: a s  2241111, but not. s i l t y .  



APPENDIX I1 

CORE PIECE DESCRIPTIONS 

Depth Core Type of Lithology 

No. Analysis 

1890.75m - I M P  - SHALE: s o f t ,  f i s s i l e ,  dark greenish 

1890.80m grey, t o  o l i ve  grey, micaceous. 

1895.42m - 1 M P  - SHALE: s o f t  bur firm, f i s s i l e ,  greenish 

1895.45m grey micaceous, 

1908.661~ - 2 P S W E :  s o f t  but  firm, moderately f i s s i l e ,  

1908.701~ dark grey t o  o l i v e  black, micaceous, l oca l l y  

s i l t y  with yellowish grey, s i l t  grains,  weakly 

py r i t i c ,  

SHALE: Sof t  b u t  firm, moderately f i s s i l e ,  

dark grey, micaceous, weakly py r i t i c ,  with 

pockets of SANDSTONE: so f t ,  f r i a b l e ,  dusky 

yellow, s i l t y ,  t o  very f i n e  grained, non 

calcareous. 

S U E :  s o f t  but  firm, moderately f i s s i l e ,  - 
l i g h t  o l i ve  grey micaceous, s ca t t e r ed  

carbonaceous debr is ,  weakly p y r i t i c .  

SHALE: so f t ,  b u t  firm, moderately f i s s i l e ,  - 
dark yellowish brown t o  l i g h t  o l i ve  grey, 

micaceous, with abundant carbonaceous debr is ,  

weakly pyr i t i c .  

COAL: s o f t ,  firm, so i l y ,  but  l oca l l y  b r i t t l e  - 
and subvitreous, black t o  greyish brawn. 



SHALE: s o f t ,  f i s s i l e ,  o l i ve  grey t o  l i g h t  

o l i ve  grey,  micromicaceous, non-calcareous, 

l o c a l l y  waxy. 

SANDSTONE: s o f t  f r i a b l e ,  l i g h t  o l ive  grey t o  

o l ive  grey with very f i n e  sub-angular g r a in s ,  

micaceous, a rg i l l aceous ,  non-calcareous, 

s l i g h t l y  carbonaceous, grades l oca l l y  t o  SANDY - 
CLAYS TONE. 

SHALE: s o f t ,  f i s s i l e ,  o l i ve  grey to  l i g h t  

o l i ve  grey,  f i ne ly  laminated, micromicaceous, 

non-calcareous, s l i g h t l y  carbonaceous, with 

occasional  t h i n  laminae of SAND: very f i n e  - 
sub-angular grains.  

SHALE: s o f t ,  f irm, dark grey t o  brownish - 
black,  micromicaceous, non-calcareous, l o c a l l y  

with r a r e ,  f i n e  laminations of SANDSTONE: 

s o f t ,  yellowish grey,  with very f i n e  

sub-angular gra ins .  

SHALE: s o f t ,  medium grey t o  o l i ve  grey,  - 
micromicaceous, with r a r e  carbonaceous f l ecks ,  

non-calcareous. 

COAL: s o f t ,  f i rm,  black,  b r i t t l e  with - 
SILTSTONE: s o f t ,  f irm, medium dark grey with 

occasional  f i n e  laminations, pale  yellowish 

brown, a rg i l l aceous ,  carbonaceous, micaceous 

and non-calcareous with a l a rge  i r r egu l a r  

nodule of pyr i t e .  

COAL: a s  1978.95m. - 



SANDSTONE: so£ t , f r i a b l e ,  l i g h t  grey t o  

l i g h t  o l i v e  g rey ,  wi th  very  f i n e  t o  f i n e  

subangular g r a i n s ,  micromicaceous, 

non-calcareous, a rg i l l aceous .  

SANDSTONE: a s  2026.4% but  medium grey t o  

l i g h t  o l i v e  grey. 

CLAYSTONE : sof t , f i rm,  medium grey t o  l i g h t  

o l i v e  grey ,  micromicaceous, s i l t y  and 

non-calcareous. 

2224.95m - 10 M P SILTSTONE : s o f t  , f i rm ,medium dark g rey  with 

2225.OOm t h i n ,  i r r e g u l a r ,  yel lowish g rey  laminat ions ,  

micromicaceous, very a r g i l l a c e o u s ,  

non-calcareous, 

Key : - 

M = Micropalaeontology 

P = Palynology. 






















