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INTRODUCTION

This report summarises the results -of the micropalaeonto-
logical, rpakymological and stratigraphical enalyses which have
been -carried out under Project No. ARP 689/19 on materisl received
from the interval 1590' - 13000' of the Phillips (Norway) 7/11 - 1X
North Sea Well,

This exploration well was the first drilled in block 7/11
of the Norwegian North Sea Concesgion Area.

The stratigraphic interval dealt with in the cur;ent report
ranges from Pleistocene, through a thick and relatively complete
Tertiary sequence into the Upper Creteceous Chalk. This overlies
deposits of Cretaceous - Jurassic age. The well fipnally bottomed
in rock~salt of Zechstein age,

We wish to acknowledge the co-operation and assistance received
from the various members of Phillips Petroleum Company Limited with
whom we have been associated during the course of this work,

A summary ef the sequence penetrated in tﬁis well caen be seen

overleaf in Table 1,
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Interval
1590' - 1650°"
1680' - 2010
2096' - 2450'
2500t - 2650
2700' - 5100
5120' - 5820
5840' - 6500
6560' - 8720°
8740' - 9220!
9240' - 9380"
9400' - 10060"

¥0070' -~ 10388°¢
(10390% - 11360'
£11370' - 11390"
11400t - 11460
11470
114801 - 12266°
12270 - 12460°
12480% - 13000

II

SUCCESSION
TABLE I
Thickness Stage

+ 60° -
+ 330 Scaldisian
+ 360! Upper Diestian
+ 150° Lower Diestian
T 2400° -
* 700 Burdigalian
¥ 660! Aquitanisn
T 2160° -
* 480t -
¥ 140 -
% 660" -
¥ osigv Danian
* 970! ‘Maestrichtian
T 200 ‘Lpéer Maestrichtian
I o 'bampanian

- ~C$niacian -

Turonian
+ 786! Turonisn -
- Cenomanian = ?Albien

¥ 190! L
+ 520! Zechstein

System/Subsystem

Pleistocene

Upper Pliocene

Lower Pliccene

Upper Miocene
Middle Miocene
Lower Miocene
Lower Miocene
0ligocene

?Upper -~ ?Middle
Eocene

?Lower Eocene -
?Palaeocene

Palaeocene

Lower Palaeocene

Upper Cretaceous

Cretaceous - Jurassic

‘Upper Permian
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MATERIALS AND METHODS

Under Project No. ARP 689/19 a total of 595 ditch cuttings, 16 side

wall cores and 4 core pieces were analysed utilising standard micropalaecontol-

ogical and, whele netessary, palynoldgical:%echniques.

A summery of the information obtained from the samples was forwarded
in a series of letters, These contain the framework of factual informa-
tion on which this report is based. The prepared s;mples and recorded
information are now filed and curated in the confidential records section
of these laboratories.

The samples received were treated utilising standard techniques and
all the microfossils obtained were examined, Use was made not only of
the plapnktonic foraminifera present but also of the benthonic forms,
ostracods and where necessary miospores..

In assessing the age of the samples, reference was made to published
work on this portion of the stratigraphic column from all the countries
surrounding £he North Sea, The age, in the cases where no diagnostic
planktonic foraminifera are present, was assigned on the basis of
similarity of faunal association preéénh_in appropriate sequence; in the -
above mentioned countries, The latter method has the ﬂigadvantage that
many of these faunal associations are ;ontrolled by facies changes, but
the assemblages in question would still appear to provide a sound

céorrelation between'the deposits encountered in this well and those

found in equivalent horizons in Northern Europe.

2 Samples from the Tertiary, 19 from the Cretaceous and Cretaceous. ~

Ju:aséic se¢tions and 14 from the Permian section were analysed palynol-

»

ogicaliy,
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UATERNARY

UNIT A, INTERVAL 1590f - 1650'; Pleistocene

General Lithology

Quite a varied lithology is present in this unit. The dominan¥
lithotypes appear to be fine-grained sands and conglomerates inter-
bedded with clays.

The sands comprise white to colourless, fine to very fine-grained,
subangular to subrounded guartz grains, and are associated with small
pebble fragments of greenish sandstone and basic to ultrabasic igneous
rocks, The clays are greyish brown in colour, and increase in amount
slightly towards the base of the unit; Bleached, reworked shell
fragments are common throughout consisting mostly of lamellibranchs
with occasional echinoids.

Micropalaeontology and Stratigraphical Conclusions

Poor microfaunas were encountered in the samples received from

this upper section. However, the presence of Elphidigila arclica

in association with Elphidium incertum and Elphidium ¢f, hughesi

would indicate that the unit is of Pleistocene age.



v b
TERTIARY

(a) Pliocene

UNIT B, INTERVAL 1680'-~ 2010'; Scaldisian, Upper Pliocene

General Lithology

The washed residues throughout this unit are very small, and
examination of the unwashed samples indicates that the dominant
lithotypes are grey and greyish brown clays. Pyrite is present in
most samples, increasing in amount slightly towards the base where
it is joined by minor quantities of brownish limonite. Quartz
grains are present in most samples, but may have caved from the

overlying unit,

Micropalaeontology and Stratisraphical Conclusions

The incoming at the top of this unit of Cibicides lobatulus var,

grossa and Cassidulina laevigata pliocarinata would signify that the

Upper Pliocene (Scaldisian) has been encountered. This is further

confirmed by the occurrence of Cibicides scaldisiensis and Polymorphina

charlottensis at 1770¢%,

Apart from the upper sample the remainder of -the interval contains
a moderately rich microfauna, The major genera present include Nonion,

Cassidulina and Elphidium.

The forms recorded from this interval are similar to those noted in
the Coralline Crag deposits of East Anglia, England and the Scaldisian

deposits .0f the Netherlands.,



UNIT

C, INTERVAL 2090 - 2450'; Upper Diestian, Lower Pliocene

UNIT

General Lithology

This unit is entirely composed of dark grey clays, which are only
very slightly pyritic,

Micropalaeontology and Stratigraphical Conclusions

Impoverished microfaunas are recorded from the upper part of this
interval, However, below 2300' they become moderately rich, The

faunal association present is essentially a Cassidulina - Elphidium

assemblage.
The majority of the forms noted within this interval are similar
to those from the overlying Scaldisian, However, the presence of

Uvigerina cf., cookei, Bulimina elongata, Elphidium inflatum and

BElphidium antoninum in association with the aforementioned faunal

assemblage may indicate that the Upper Diestian (Lower Pliocene) is

present,

(b) Miocene

D, INTERVAL{2500' - 2650! r‘Lcawe-zz' Diestian: Upper Miocene

General Lithology

Dark grey clays are again the dominant lithotype but there is a
noticeable increase in pyrite, Traces of brownish, silty ironstone
are present in the sample from 2600°!,

Micropalaeontology and Stratigraphical Conclusions

The incoming of Bolivina subspinescens, Pyrgo bulloides and

Uvigerina canariensis at the top of this interval jogether with the

subsequent appearsnce of Cibicides peelems$s and Cibicides aknerianus

would indicate that Miocene deposits have been engountered, these

probably being of Lower Diestian age i.e, Upper Miocene,

-



UNIT

Moderate faunas are recorded here belonging essentially t6 a Cibicides -

Cassidulina assemblage. Subsidiary numbers of Uvigerina spp. also

occur, These sediments differ from the Upper Miocene deposits of
many parts of Northern Europe in having 2 moderately rich fauna.

Usually deposits of this age are only sparseiy fossiliferous.,

E, INTERVAL 2700' - 5100'; Middle Miocene

General Lithology

Grey clays are the dominant lithotype in the higher parts of this
unit, down to 36101, They are usually strongly pyritic with occasional
bands of reddish and reddish brown ironstone, Rare, thin layers of
light greenish, greyish and buff to brown claystone occur below SOGO',
and light grey, argillaceous limesto;e is noted at 3300' and 3610°%,
Subordinate amounts of shell fragments are present in one or two samples.

Below 3650' light to medium grey shales are commonly present in the
samples, and become quite abundant between 3880' and 4020', Reddish-
coloured shales and siltstones are present below 3880', often associated
with reddisﬁ and reddish brown ironstones. Pyrite is observed in many
samples, and grey, microcrystalline, often sucroesic, dolomite is present
between 4926' - 5100',

Micropalaeontology and Stratigraphical Conclusions

A great variation in the microfaunal assemblagés occurs in the
samples comprising this interval. Several horizons are extremely rich
in species whereas others are almost barren, Basically this interval
can be subdivided into 3 sections which are outlined below.

2700' -~ 3350!

" The fauna in this case is very similar to that recorded from the

overlying Upper Miocene except that rare specimens of Uvigerina

hosiusi are noteé, the first appearing at 2700'; This feraminifera

is usually taken to be indicative of the Middle Miotene, Other new

forms noted here include the following species:
- T -



UNIT

Karreriella cf., siphonella

Asterigerina staeschei

Nodosaria pyrula

Textularia gramen

Echinocythereis scabra

This association of forms would substantiate the Middle Miocene
determination,

3400' - 4860°

The most important feature of this interval is the occurrence

throughout of many horizons with fairly numerous specimens of Uvigerina

hosiusi, Other typical Middle Miocene forms noted include:

Bolivina floridana imporcata

Virgulina pertusa

Listerella communis

Cytheropteron c¢f, steinmanni

"Cythere" latimarginata

4880!' ~.5100"

The top of this sub-unit is marked by the incoming of Radiolarie

together with several small species of Globigerina including G, bradyi,

°

G. juvenilis and G, foliata. Other forms present are similar to those

already mentioned above,

F, INTERVAL 5120' - 5820'; Burdigalian, Lower Miocene

General Lithology

Greyish clays and shales are again the dominant lithotypes through-

out this unit with occasional thin layers of buff to brownish shales.

-Hard, dense, light grey, sucrosic dolomite is common in the highest

part of the interval, from 5120' - 5280°, Prepared samples are gener-

ally very small in volume due to the abundance of soft clays.



UNIT

Micropalaeontology and Stratigraphical Conclusions

Poor to very poor microfaunas are encountered within this interval
and much of the sequence may be barren, the forms noted in the samples
probably being present as a result of caving,

The occurrence, at the top of this interval of Globorotalisa

fohsi barisanensis, Uvigerina tenuipustulata and Angulogerina

var. tenuistriata would indicate that the Burdigalian stage of the

Lower Miocene has been penetrated. Very little change is noted in
the faunal content of the sample through the remainder of the interval

and, therefore, all the section has been placed in the Burdigalian,

G, INTERVAL 5840' - 6500'; Aquitanian, Lower Miocene

General Lithology

This interval is entirely composed of soft grey clays with occasional
thin bands of light to dark grey and bluish grey shales, Traces of
brown dolomite are noted in one or two samples,

Micropalaeontology and Stratigraphicsl Conclusions

Again within this interval the faunas recorded from the samples are
poor to very poor, and arenaceous foraminifera are noted at many
horizons,

The incoming of Globorotalia scitula praescitula and Globirerinoides

bisphericus at 5840' together with their continued appearance at several

horizons within the interval would indicate that the Aquitanian stage
of the Lower Miocene is present here, This is partially confirmed by

the absence of any forms restricted to the Oligocene,



(c) Oligocene

UNIT H, INTERVAL 6560' - 8720'; Oligocene

General Lithology

Dark grey and black clays with frequent interbedded medium to
dark grey and black shales are dominant in the highest interval,
down to 7600'. The shales often become silty and are locally
strongly-micaceous. Brown dolomitic and sideritic mudstones and
siltstones form occasional bands, particularly above 7060, Thin,
brown silty dolomites occur between 7580' - 7600°', Trace amounts
of very fine, white to colourless, angular quartz grains are noted
in the samples from 7000', 7100' and 7320°.

There is an increase in shales at 7620' and the interval 7620° ~
7880"' consists of interbedded light and dark greyish brown shales.
The dark grey variety is absent below 7880%, where light grey shales
predominate to the base of the unit. The whole interval is essen-
tially 2 uniform shale sequence, with clays sbove 7080' and rare thin

B ——

brown limestone bands throughout.” The sidewall cores received from

8154!' and 8288' consist of greyish brown shales.

3

Micropalaeontology and Stratigraphical Conclusions

Moderate to poor assemblages are encountered within this interval
with arenaceous foramigifera being the dominant forms present through~
out. At the top there is a marked change in the faunal content and
in addition to the arenaceous foraminifera the following diagnostic
benthonic and planktonic forms are recorded:

- . “ * -
Asterigerina gurichi

Siphonodosaria hirsuta

Globigerina praebulloides leroyi

Catapsydrax unicavus

Globigerinita martini scandretti

- 10 -



UNIT

This faunal association would indicate that the top of this
interval is of Oligocene age. The arenaceous formspresent would
also appear to confirm this determination,

Other indications of an Oligocene age for this interval are

the occurrences of Cibicides tenellus below 7040'; Rotaliatina

buliminoides below 8260' and the common specimens of (yroidina girandgana

below 8280°',
A thicker and less fossiliferous development of Oligocene deposits
is encountered in this well compared to those recorded from the Northern

European localities,

(d) Eocene

I, INTERVAL 8740' - 9220'; ?Upper - ?Middle Eocene

General Lithologx

This interval is eésentially composed of interbedded light and
mediuﬁ grey shales, Traces of green shale are present at 8740' and
9080', and considerable amounts of a greenish grey variety occur in
the sample from 9020°¢, Light grey to brownish, translucept, fibrous
calcite occurs in many samples below 8920', probably resulting from
lamellibranch shell fragments. . '

Brpwn, élightly dolomitic 1ime§%one is present at 8800' and also
forms thin bands in the interval 9d60' - 9120°',

Micropalaeontology and Stratigraphical Conclusions

Poor faunas are again noted ‘within this section and arenaceous
foreminifera predominate. The fblléving new forms are noted at the
top of the intervel the bulk of which are greern steined:

Globorotalis c¢f. cerro-azuelensis

Globorotalia cf, centralis

Globigerina barbosa

Trochammina globigeriniformis var. altiformis




UNIT

Globigerina c¢f, linsperta linapertas

Bathysiphon eocenicus

This faunal éssociation would suggest that the FEocene has been
encountered, possibly the Middle - Upper Eocene, However, none of
the typical calcareous benthonics of Upper - Middle Eocene age, as

are found in the European deposits, are noted in this well.

(e) 2Eocenme - ?Palaecocene

J, INTERVAL 9240' - 9380'; ?Lower Eocene - ?Palaeocene

General Lithology

Shales are égain the dominant litﬁotype in this unit. Bhey are
mostly light grey and greenish grey in colour, and generally assoc-
iated with some purple shales, which become particularly common at
9280'1 Trace amounts of brownish, silty limestone occur at 9300',

Micropalaeontology and Stratigraphical Conclusions

The incoming of purplish shale and sideritic nodules at the top
of this unit may signify a break in the seguence, The faunas as a

whole are poor across this boundary but the presence of Globigerina

triangularis at 9240' could be indicative of a ?Lower Eocene -
?Palaeocend age, The incoming of the following arenaceous foramin-
ifera are noted at 9320°',

Haplophragmoides c¢f., obliguecameratus

Cyclammina challinori

Cyclammina incisa

Trochammina pentagona

These are forms recorded by Haynes from the Palaeocene deposits'
.of England and may indicate that the top of the Palaeocene occurs

at this depth,

- 12 -



(f) Palaeocene

UNIT K, INTERVAL 9400' - 10,060'; Palaeocene

General Lithology

Shales are the dominant lithoilype in the highest part of the
unit, down to 95207, They are light grey to greenish grey in
colour, with subordinate amounts of purplish shale in a few samples
which ﬁay possibly have caved, Cream to white limestone is noted
at 9400' - 9430° and probably forms rare, very thin bands. Minor
quantities of very fine, angular quartz grains are present at 9460¢,

Sandstones appear at 9540' and are interbedded with light te
medium greenish grey and grey shales, The sandstones are generally
greyish to brown in colour, fine to very fine-grained and slightly
calca;eous.

In the lowest interval, between 9820' . 10,060', sandstones become
dominant. They are again fine to very fine-grained with occasional
medium, subrounded grains, Shales are still present in this intervel,
probably forming thin layers interbedded with the sendstones. Towards
the base, below 10,000', the sandstone locally becomes greyish, and
contains black, carbonized plant fragments.

A number of sidewall cores were examined from this unit, Grey
shale occurs at 9457', greyish broﬁh sandstone at 5670', greyish green
shale with a trace of sandstone at 9727', and greyish brown shale at
99231, .

Three core samples were also received, Fine, medium grey, very

argillaceous, slightly silty sandstone occurs at 9594, associated with

_some grey, micaceous siltstone, Siltstone is the dominant lithotype

at 9640, together with considerable smounts of buff and light brown,
very fihe-grained sandstone, The core sample from 9596! is entirely

composed of dark grey and greenish grey, occasionally waxy shale,

- 13 -



UNIT

Micropalaeontolosy and Stratigcraphical Conclusions

Poor faunas are noted down to 9480' but below this depth modera-
tely rich faunal assemblages are recorded. At 9400' several specimens

of Globigerina triloculinoides which are. indicative of the Palaeacene

are found to occur, Further diagnostie Palaeocene forms found within
this section include the following :

Globigerina insequispira

Globigerina spiralis

Involutina pyrotecnica

Glomospirella woodi

?Rzehakina sp.

Spiroplectammina spectabilis

An indication that the lower part of the Palaeocene is present

can be seen with the incoming of Globigerina pseudobulloides at

10050°, Cores 9594' and 9640' were analysed palynologically but
the microspores extracted from these rocks, especially from 9594°

are poor, The fact that Cicatricosisporites dorogensis is present

indicates that these samples are of Paleogene age (Older Tertiary).
It is difficult to give a more gcéurate dating, on the palynolcgical
evidence available, but the general microflora and the fact ihat

Cicatricosisporites dorogensis is ielatively common suggests 1that

these cores are of ?Lower Eocene - ?Palaeocene age.

L, INTERVAL 10,070' - 10,388'; Danian

General Lithology

The highest division of this unit, between 10,070' - 10,100°,

comprises white chalk (often having a pink stain), interbedded with

light grey shales and white to light grey sandstones, Chalk is
relatively subordinate in amount below 10,090', where the shales

are the dominant lithotype. Brown transluscent flint occurs at

10,080°',

- 14 -
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bhalk is absent from the interval 10,110' - 10,150°', Slightly
pyritic grey shales are abundant above 10,120', together with fine
to very fine-grained silty sandstones. These sandstones are the
dominant lithotype between 10,130' - 10,150'. They are white te,
light grey in colour, calcareous, and composed of subangular to
subrounded quartz grains,

Th;'iﬁterval 10,160' - 10,260' is marked by the re-appearance of
chalk, which is the dominant lithotype. It is associated with fine-~
grained sandstones, as in the higher interval, and subordinate amounts
of medium grey shales, Below 10,240' the chalk is light grey in
cqlour; and locally becomes arensceous, containing fine, white to
grey, angular quartz grains. Traces 6f white flint occur in the
sample at 10,250",

Sandstones become dominant in the interval 10,270' - 10,340°,
together wi;h white chalk and subordinate amounts of light grey shales,
The sandstones are fine to very fine-grained, as in the higher parts
of the unit, though lscally they contain some medium, angular quartz
grains. Light grey, hard, dense, brittle limestone occurs in the
sample from 10,330,

The lowest part of this unit, between 10,350' - 10,388', comprises
abundant sandstones with thin bands of grey, hard, dense, brittle
limestone. This 1imest;ne is the dominant lithotype at 10,390!,
where it is medium to dark grey in colour. A sidewsall core at 10,385°f
comprises whitish grey sandstone, and one from 10,388% is composed of
dark grey, brittle, dense, srgillaceous limestone,

Micropalaeontology and Stratigraphical Conclusions

Chalk is first encountered at 10070' and this is found to contain
the following diagnostic foreminifera:

Globorotalia compressa

Globigerina pseudobulloides

- 15 -




Qsangularia lens

This faunal assemblage occurring in association with the chalk
lithology would suggest that the Danian has been encountered and
thus this interval is probaﬂly the equivalent of the Danskekalk
of Demmark,

Reworked Upper Cretaceous foréminifera are also noted in the
sample at 10,070' and these may well be derived from the bhase of
the Palaeocene clay sequence,

The remainder of this interval differs from the typical Danian
of Denmark in that here it is composed of interbedded shales, sand-
stones and chalk, while in Denmark it is entirely composed of chalk,

Further diagnostic Danian forms recorded from this interval
include the following foraminifera

Globigerina daubjergensis

Globigerina c¢f, arabica

Globorotalia gquadrata

Karreria fallax

Although a similar thickness of Danian deposits are encountered
here they are on the whole much less fossiliferous than those from

the type section in Denmark,

- 16 -



VI

CRETACEOQOUS

UNIT M, INTERVAL 10,390' - 12,266'; Maestrichtian - ?Albian

General Litheology

Very hard, light greyish limestone is the predominant lithotype
between 10,390' - 10,420', and is associated with subordinate amounts
of hard, dense, white chalk.

The interval 10,430' - 10,860 is essentially & uniform sequence
of very hard, brittle, dens; chalk, and chalky limestone, which
locally become 1ight greyish in colour, Light to medium grey,
hard, brittlé limestone becomes increasingly common below 10,8707,
and appears to be interbedded with the chalky limestone down to
11,180°,

Chalk and chalky limestone ére rarely present in the interval
11,190% - 11,4107, where the dominant rock is a light to medium
grey argillacéous limestone, An interesting feature is the occurr-
ence of fine-grained, light greyish, sucrosic dolomite between 11,260 -

11,270', and at 11,340'.; The sample from 11,410' contains traces of

o

light green limestone.

The interval 11,420 - 11,810! cémprises a series of interbedded
white chalky limestones and light grey, hard, dense limestones. A
similar sequence occurs between 11,820' - 12,0307, but the grey lime-
stones are slightly granular, They are again hard and brittle, and
vary in texture from microcrystalline to finely~-crystalline, These
rocks are occasionally very siightly glauconitic, .

The section from 12,040' - 12,266' is composed mainly of light
grey to white, brittls, dense limestones., White, light blue and brown

flint is a minor constituent of the samples 12,040' - 12,060°', Light

to dark grey calcareous shales occur rarely throughout this interval,

- 17 =



often as thin. laminae in the limestones, Ciear, colourless to white,
fine to medium-sized gypsum crystals occur in ;ome samples, particularly
at 12,170' and 12,260", This gypsum appears to represent vein, and
possibly small vag, infillings.,

Three sidewall cores were examined from this unit. Hard, dense,
britile white limestone occurs at 12,258', whilst the sample from
12,259 is composed of medium to dark grey, hard, brittle, argillaceous
limestone, The sidewall core from 12,266' is composed mainly of
medium to dark grey, calcareous shale, which locally grades into grey,

very argillaceous micrite.

Micropalaeontology, Pelynology and Stratigraphical Conclusions

'Great difficulty was encountered in attempting to subdivide the
Chalk, The extremely poor microfaunas in the upper part bsnd at the
base and the rather unu;ual aspect of the more abundant foraminifera
in the intervening section both added to the normal problems of
establishing a subdivision of the Chalk,

No evidence for the Santonian stage was found and the Coniacian
rocks appear to be extremely thin,

Several thin sections were maée'from the upper and lower i;tervals

of the Chalk in case these yielded aﬁy further evidence,

INTERVAL 10,390' -~ 11,360%; Maestrichtian

The presence of ?Globotruncans contusa at 10,390!' has been used

to define the top of the Cretaceous Chalk. It should be pointed ouf
that this is a solitary poor spegimen;'and it could conceivably have
caved from the overlying interval (10,070') which contains reéworked -
?pper Cretaceous foraminifera. It is ét this point, however, that

chalk and chalky limestone dominate the samples.

- 18 -



In the remainder of the interval the microfaunss are extremely sparse
and poorly preserved, The only forms occurring are either of little
stratigraphical value or are questionable specimens, Although the
evidence is tenuous we have assigned this interval to the Maestrichitian,

INTERVAL 11,370 - 11,890%; Lower Maestrichtian.

At 11,370' there is a sigpnificant increase in the microfauna with

Rugoglobigerina rugosa cf. rotundata and Rugoglobigerina rugosa rugesa

being particularly common, These forms often occur in the North Sea, in
abundance, in the lower part of the Maestrichtian and because of this we
have placed this interval in the Lower Maestrichtian,

INTERVAL 11,400' - 11,460'; Campanian

The incoming of Globotruncsna cf, mérginata and the subsegquent sccurr-

ence of ?Globorotalites micheliniana suggests that this section is of
Campanian age.

INTERBVAL 11,470': Coniscian - Turonian

From 11,470' the microfaunas consist of rather unusual varieties of

Coniacian ~ Turonian species which are normally found in the North Sea,

- In sample 11,470 the presence of Globotruncana cf. imbricata suggests
that rocks of Coniacian age are present whilsl the incoming of

Praeglobotrunéana cf. hasni and Praeglobotruncana stephani signify

that Turonien rocks also occur in this sample,
It may be that only the lower part of the Coniacian is present, No
Santonian forms have been recorded and from this it would appear that

there is a hiatus in the Chalk section.

INTERVAL 11,480' - 12,2686'; Turonian - Cenomanian - ?Albian

1

No significent change in the microfsuna occurs in this interval but

Praeglobotruncana cf., hagni and Praeglobotruncana stephani occur more

commonly than in the overlying section and for this reason we have assigned
this interval to the Turonian and Cenomaznian stages. No definite evidence

of Cenomanian beds has becen found and hence no boundary can be drawn to
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divide these two stages from one another.

The bassl boundary of this section could not be drawn on micro-
palaeontological criteria due to the very poor microfaunas but it has
been tentatively placed directly below side wall core 12266' on palynolog-
ical evidence,

The presence of ?Baltisphseridium hirsutum, Hystrichosphsera ramosa

end Hystrichosphaeridium cf, siphoniferum indicates that this core is of

mid Cretaceous age (Cenomanian - Albian). The microplankton are similar
to those occurring in the overlying samples and hence it may be that this
core is of Cenomanian rather than Albian age.

We, therefore, consider this interval to be basically of Tﬁrcniah -
Cenomanian age but the possibility of Albian rocks being present cennot

be entirely excluded.
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VII

CRETACEQUS - JURASSIC

UNIT N, INTERVAL 12,270' - 12,460"';

General Lithology

Light to medium grey, occasionally white, hard; dense, srgillaceous
limestones constitute the dominant lithotype. Black carbonaceous and
argillaceous streaks and laminae exist in the limestone in one or two
samples., Black shales are com&cnly interbedded with the limestones.

Gypsum/anhydrite atteins an important role in this unit, occurring
as an abundance of fine to very fine, colourless crystals which are often
aggregated together forming small lumps. The significance df these
deposits is not clear becsuse they resemble neither typical evaporitic
anhydrit;s nor typical vein material, They masy in fact represent vug
infillings in the limestones, but the possibility that they are bedded
cannot be ruled out.

Examination of sidewsall cores sheds some light on this problem. Two,
}rom 12,274' and 12,276', comprise hard, black, slightly carbonaceous
shales, containing considerable amounts of gypsum/anhydriile crystals.
Thus it is possible that the gypsum/anhydrite occurs here as discrete
crystals, or aggregates, within the shales. This mode of occurrence may
be comparable with the presence of selenite gypsum crystals in the London
and Oxford Clays of England.

Evidence that some of the gypsum/anhydrite nay be bedded and evapo-
ritic comes from the examination of sidewall cores at 12,282' and 12,283!
which ere composed entirely of massive, light grey, friable, micro-
crystalline gypsum/anhydrite.

The sidewall core from 12,278' comprises medium grey, very argill-

aceous limestone,
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Palynology and Stratigraphical Conclusions

A definite change in the microflora is apparent between side wall
cores 12,268' and 12,2741, The microflores from side wall core 12,274!

has more poorly preserved forms and has miospores present as well as

microplankton. The microplankton consists basically of Pterospermopsis

sp., and ?Pierospermopsis sp. but some forms of Gonysulacysta sp: are

also present. No definite age can be éssigned to this microflora and

for this reason we merely allot this interval to the Cretaceous - Jurassic,
No lithological break could be found to correspond with the palynological
bresk except thaet gypsum/enhydrite becomes more common in this section,

The base of this interval has been drawn immediately above the incoming

of the first Zechstein miospores and so this section could conceivably

contein rocks which are in part older than the Jurassic.
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VIII

PESBMIAN

UNIT O, INTERVAL 12,480' - 13,000'; Zechstein

General Lithology

The highest part of the unit, down to 12,500', is very similar,in
lithology to the overlying interval, and consists of interbedded and
interlaminated grey, argillaceous limestones and black shales, with
some gypsum/anhydrite.

Colourless to white salt appears at 12,510' and is associated with
varying amounts of.grey limestones, down to 12,610°', The limestones
have probably largely caved, but some may be in situ. Gypsum/aﬁﬁydriie
is very subordinste in amount in this interval. Traces of pink and red
shales occur in the samples between 12,540° -~ 12,600',

Salt is the only lithotype present below 12,620'. It is white to
colourless, and occasionally pink in the upper part, but entirely pink

below 12,930°',

~§alynologv and Stratigraphical Conclusions

The only definite Zechstein miospores recovered from this well occur
in composite sample 12,460' - 12,500°', This samplé contains one speciwen-

of Leuckisporites wvirkkiae and two of Protohaploxypinus sp. as well as a

few less definite forms. In order té establish where these forms first
appear the three samples, which made up the composite one, were exsmined
individually, No characteristic miospores were obtained from these samples
but bisaccate grains of similar preservation were obtained from 12,480°"

and a8 single specimen of ?Leuckisporites virkkiase occurred at 12,5001,

We have, therefore, placed the top of the Zechstein at 12,480!' and in this

we have ignored any possibility that these forms could be reworked. The

first salt, and hence any supporting lithological evidence for the Zechstein,

appears at 12,510°',

- 23 -



ALBERTI, G.

BANDY, 0.L.

BARR, F.T.

BARTENSTEIN, H. et al

BATJES, D.A.J.

BUTT, A.A.

CHATWIN, C.P.

CLARKE, R.F.A.

COOKSON, I.F.
EISENACK, A.

COOKSON, I.F.
EISENACK, A.

COOKSON, I.F.
EISENACK, A.

COOKSON, I.F.
EISENACK, A,

IX

BIBLIQGRAPHY

1961

1967
1962

1962

1958

1966
1961

1965
1958
1960
1950

1962

Zur Kenntnis Mesozoischer und
Alttertilirer Dinoflagellaten und
Hystrichesphaerideen von Nord- und
M1tteldeutsch1and.
Palaeontographica 1164,

Cretacepus Planktonic Foraminiferal
Zonation,
Micropaleontology, Vol, 13, No. 1.

Upper Cretaceous planktenic Foramlnlfera
from the Isle of Wight, England.
Palaeontology, Vel. 4, Pt. 4.

Leitfossilien der Mlkropalaontclogle
Gebruder Borntraeger, Berlin,

Foraminifera of the Oligocene of Belgium.
Inst. Roy. des Sciences Nat, de Belgique,
Mem. No; 1430

Foraminifera of the type Turonian,
Micropaleontology, Vol. 32, No. 2,

BEast Anglie and adjoining areas,
Handbook of British Regional Geolegy.

British Permian saccate and monosulcate
miospores,
Palaeontology, Vol. 8, Pt. .2,

Microplankton from Austrelian and New
Guinea Upper Mesozoic Sediments,
Proc. Roy. Soc. Vie,, Vol., 70.

Microplankton from Australian Cretaceous
Sediments, )
Micropaleontology, Vol, 6, No. 1.

Upper Mesozoic microplankton from
Australias and New Guinea,
Palaeontology, Vol. 2, Pt. 2.

Additional microplankton from Australian
Cretaceous Sediments.
Micropaleéontology, Vol. 8, No. 4.

- 24 -



COOKSON, I.F. &

HUGHES, NLF.

DAM, A.T.

DAM, A.T. &
REINHOLD, Th.

DAM, A.T. &
REINHOLD, Th,

DAVEY, R.J.

DEFLANDRE, G.
COOKSON, I.C.

DBRING, H.,
KRUTZSCH, W.,
MAI, D. &
SCHULZ, E.

EISENACK, A.

GEIGER, M.E. &

HOPPING, C.A.

GOCHT, Ii.

GOCHT, H.

~

-

1964

1944

1941

1942

1966

19556

1066

1958

1968 .

1957

1959

- 25 -

Microplankton from the Cambridge
Greensand (Mid. Cretaceous).
Palaeontology, Vol. 7, Pt. 1.

Die Strat-Gliederung des Niederl®nd-
ischen Palaozins und Eozins nach
Foraminifera,

Med. Geol, Sticht. Ser, C-V-No. 3.

Die Strgtigraphische Gliederung des
Niederlandischen Plio-Pleistozins
nach Foraminiferen.

Med. Geol, Sticht. Ser, C-V-No. 1.

Die Strgtigraphische Gliedeyung des
Niederlandischen 0ligo-Miozans nach

~Foraminifera,

Med, Geol. Sticht, Ser, C-V-No. 2,

Mikroplankton from the Lower Chalk
(Cenomanian).
Bull, Brit., Museum, Geol. 3.

Fossil microplankton from Australian
late Mesozoic and Tertiary sediments,
Aust. J. Mar, Freshw. Res., Vol. 6,
Neo. 2.

Erlguterungen zu den sporen stratl-
igraphischen Tgbellen vom Zechstein
biz zum Oligozan. Abh, Zentr. geol.
Inst., Vorabdruck H. &.

Microplenkton aus dem norddeutschen
Apt, Neues Jb, Geol, Paldont., Vol.106.

Triassic Stratigraphy of the Southern
North Sea Rasin,
Phil, Trans, Roy. Soc. LONDON,

" Series B, No, 790, Vol, 254,

Microplankt&n aus dem nordwestdeutschef
Neokom. Pt, 1.
Palaont., Z, Vol. 31l.

Microplankton aus dem nordwestdeutsche:
Neokom. Pt. 2. )
Palaont. Z, Vol., 33,



GREBE, H.

GROSSHEIDE, K. &
TRUNKO, L.

HAYNES, J.

HAYNES, J. &
woOD, A.

HAYNES, J.

HAYNES, J.

HAYNES, J.

HOFKER, J.
HOFKER, J.

JANSONIUS, J.

KAASSCHIETER, J.P.H.

1957
1965

1956

1957

1958

1958

1958

1957
1966

1962

1961

Zur Microflors des niederrheinischen
Zechsteins.,
Geol. Jb, 73,

Die Forsminiferen des Doberges beil Blnde
und von Astrup.
Beih., geol., Jdb. Vol, 60,

Certain smaller British Paleocene
Foraminifera,Pt. 1.

Cont, Cush., Found. For, Res, Vol., VI],
Pt, 3.

Certain smaller British Paleocene
Foraminifera, Pt, II: Cibicides

and its allies.

Cont. Cush., Found. For, Res. Vol, VIII,
Pt, 2,

CerEain smaller British Paleocene
Foraminifera, Pt, III: Polymorphinidae.
Cont, Cush. Found., For, Res. Vol. IX,

Pt‘ 1.

Certain smaller British Paleocene
Foreminifera., Pt. IV: Arenacea,
Lagenidea, Buliminidea and Chiloestomel-
lidae,

Cont, Cush. Found, For, Res, Vol. IX,
Pt. 3.

Certain smaller British Paleocene
Foraminifera, Pt. V: Distridbution,
Cont., Cush, Found. For., Res. Vol, IX,
Pt. 4,

Foreminiferen der QOberkreide von
Nordwestdeutschland und flelland,
Gepl. Jahrb, beih No, 27,

Maestrichtian, Danian end Paleocene
Foraminifera.
Palaeontographica Suppl.-10,

Palynology of Permian and Triassic
sediments, Peace River area, Western
Canada, '
Palaseontographica B, Vol., 110.

Foraminifers of the Eocene of Belgium,
Inst. Roy. des Sciences Nat, de
Belgique, Mem. No., 14T7.

- 20 -~



KEDVES, M, 1967 Sur quelgues problemes de stratigraphie
palynologlque appliquée au tertiaire
inférieur en Europe.

Pollen et Spores, Vol, 9, No. 2.

KEDVES, .M, 1967 Etudes palyn01001ques des couches du
Tertiaire inférieur de la région paris-
cenne, l. Spores
Pollen et Spores, Vol. 9, No. 3.

KEIJ, A.J. 1957 Eocene and Oligocene Ostracoda of
Belgium,
Inst. Roy., des. Sciences Nat, de
Belgique, Mem., No. 136,

KEIZER, J. & 1963 Geology of the Tertiary of the Nether-
LETSCH, W.J. lands.
Verhandelingen Vol. 2, Pt, 2 (Trans.
Jubilee Convention Pt. 2).

KLAUS, W. 1983 Sporen aus dem sudalpinen Perm.
Jb. Geol, B.A, 106,

KLAUS, V.- 19664 Zur sporenstratigraphischen Einstufung
von gipsflhrenden Schichten in Bohrungen.
Erdoe Zschr., Vol. 4.

KRUTSCH, V. 19568 Sporen-und Pollengruppen aus der Ober-
kreide und dem Tertifir Mitteleuropas

und ihre stratigraphische Verteilung.
Z. Angew’ G’colv Voli 31 H. 11"120

LAGAATLJ, R. -19562 The Pliocene Bryozoa of the Low Countries
and their bearing on the Marine Strati-
graphy of the North Sea Region,

Med, Geol, Sticht, Sexr. C-V-No. &,

LESCHIK, G. 1956 Sporen ats dem Salzton des Zechsteins
vor Neuhof bei Fulda.
Palaecontographica B 100,

LOEBLICH, A.R. Jr. & 1961 Cretaceous planktonic foraminifera.
TAPPAN, HELEN Part 1 - Cenomanian.

Micropaleontology, Vol. 7, No. 3.
NEALE, J.W. & 1962 Microplankton from the Speeton Clay of
SARJEANT, VW.A.S. Yorkshire.

Geol. Mag. Vol. 99,

SARJEANT, W.A.S. 1959 Microplankton from the Cornbrash of
i Yorkshire,
Geol. Mog., Vol. 96, No. 5.

- 27 -




SARJEANT, W.A.S.

SARJEANT, W.A.S,

SARJEANT, W.A.S.

SARJEANT, W.A,S.

SARJEANT, W.A.S.

SHERLOCK, R.L.

SORGENFREI, Th, &
BUCH, A.

THOMSON, 0.W. &
PFLUG, H.D.

TROELSEN, J.C..

VOORTHUYSEN, J.H. van

VOORTHUYSEN, J.H. ven

VOORTHUYSEN, J.H. van

1960

1960

1962

1962

1967

1947

1964

1953

1987

1950

1950

1950

- 28 -

New h.ystrichospheres from the
Upper Jurassic of Dorset,
Geoln L‘Iagn’g Volu 97) NO. 20

Microplankton from the Kellaways
Rock and Oxford Clay of Yorkshire.
Palaeontology, Vol. 4., Pt, 1.

Upper Jurassic microplenkton from
Dorset, England,
Micropaleontology, Vol. 8, No. 2.

Microplankton from the Ampthill
Clay of Melton, South Yorkshire,
Palaeontology, Vol. 5, Pt. 3.

The stratigraphical distribution of
fossil dinoflagellates,
Rev, Palaeobotan, Palynol., Vol. 1.

The Permo-Triassic Formation,
A World Review,

Deep Tests in Denmark 1935 - 1959,
Geol, Surv.,, of Denmark, III Series,
No. 36,

Pollen und Sporen des mitteleuropais-
chen Tertidrs,
Palaeontographica B, Vol, 94,

Some planktonic Foraminifers of the
type Danian and their stratigraphic
impertance, Studies in Foraminifera.
U.S5. Nat, Mus. DBull., 215,

The quantitative disitribution of the
Plio~Pleistocene Foraminifera of a

- boring at the Hague (Netherlands).

Med., Geol, Sticht, N.S, 4.

The quantitative distribution of the
Pleistocene, Pliocene and Miocene
Foraminifera of boring Zaandam
(Netherlands).

Med., Geol, Sticht. N.S.4.

The Plio-Pleistocene boundary in the
Netherlands based on the ecology of
Foraminifera,

Geol, en Mynbouw, N.S., 12,



Mo

VOORTHUYSEN, J.H.
& PANNEKOEK, A.J.

van

1950

- 209 .

‘ﬁg distribution verticale quantit-
aiﬁwé des foraminiffres due Diestien,
dn Scaldisien et du Poederlien au”
Kruisschans, prés d'Anvers.

Bull, de la Soc., Belge de Geol.



I o N RERIEEL i th 9Ll = =
ININEENEINDEEENEENDL [H]DUE]E]E]E]awgg
| | | | | [ | L Ll - ge ¢ 0 gg 5 < o D =N | ==
-t 23 2 > me ° m ot 0 owg, = J e
| 1 | | | ! i Bi " g s gg g § o . = |\en
IRDROEDEOEOIE IEEEE = % z & Z = 2
_ 8 g m ! rr™ -
] 1 | 1 | | | 11 0|0 . 2 c:;'gsg —
T T el T NENEDO | ZE B
IR EREIERIEEIIE I 3 < o o o |T 3= |rm
INOEDEDROEDEL IEREE 2§ 2 8 % = |2 83
. g £ ¢ 6 8 3§ |F |E 2|2
INDROEDEORONEL =] [== 1 o gz £ 5382 |- IF I
E $ . Z = €D
m o+ c Qe |
= o |2 2|== 3B
z ! o D |===
2 OOBRRERF ZHE |2
IS m 0 Z [ R ==
g 8 g i 2 2 8 & |3 |F |A
§ h 1 N A i Ag i N 2 A n A 2‘ g = : 2 m [
— | | =T 2T e |3E
= ok =
UPPER } a z = (=
: l PLEISTOCENE m 7 n»%
z g L ®
, , | z A 3
PLIOCENE = g = f
| | - - 8|2
: G
Bl
. ~
| e
w < jo—
A l S e )
SCALDISIAN | o v
l
™
0
Z
m
_ MICROFOSSILS
+ + + + + + + + + 1+ Elphldlum incertum
+ + + + + + + +|+ + [+ Nonion granosum
1+ Elphidiella arctica
¥ Globulina gibba
T + + + + + + + + 1+ Cassidulina laevigata
n T+ Elphidium c¢f, hughesi
+ Elphidiella hannai
+ + Triloculina oblonga
+ Bulimina elongata var, subulata
s ¥ F ~Angﬁulvo»gewvéq%a-;a:ngh&resma»:»:.-»x i, -
+ T + + + Cibicides lobatulus var, grossa
T " + + + " + + Cassidulina laevigata pliocarinata
+ + + + + Cassidulina oblonga
4 + + + + Discorbis milletti
+ ¥ + + + + Elphidium antoninum
T + Elphidium macellum
+ + | + + + Nonion soldanii
" Lenticulina sp.
+ + "ICibicides scaldisiensis
¥ + T+ + Quinqueloculina seminulum
+ + Polymorphina charlottensis
- " Trachyleberis aff. dunelmeusis
T+ Bulimina aculeata
¥ "Cythere" latimarginata
+ Cassidulina crassa
+ + + Elphidium inflatum

VA0OVEISO ANV VHAJINTAVEOA




ADOTOHIN

PRI RV Ay Qe i G Bt e s

RN [JUREY RIS P (e (pu P R Bl B

JUNE [N DU Ry Ry sy PV I R

JENNGS [PV QUNNS [P R e b B Bnd B

-ooY

oot

3)VHS
SINSNULNI E] AGNVS)UJIS g

H1d3d

O
O
O

1334 NI

9

MiDDLE

- MIOCENE

UPPER

MIOCENK

9 LOWER PLIOCENE

ANAOOITTd [

3IVHS E
AVID E—]

SDINVDI0A m
Wil
183HD H 31V¥IWOIONOD @ aNoLs3wn E

WNSAD -

INOISANYS l :‘ 31IwO100Q E

dri11ud
YO4
*89°*9°Cl

«

=

3iva

3INOISIUS [:] INOISIWI E

*HAMO
1SAWVNY

wod E]
nvs Es]

ddn

TARMION ‘pojImI] uind]oxlad

L: B
W3LSAS

1 000¢
‘'ON LIVHY

LOWER

DIESTIAN

e ceo— S— ———— Vo—— Sp— — ——— S——— S—————— —

?UPPER

DIESTIAN

- —— i —— —

NVISIAVIS
IOVIS

»y000¢

3

XT-11/L 112

NOUWY201

M ©AS [1JION uetrdemaoN| *HLH

THVHD SISKIVNY W2IB010LNOIVIVAOHIIN
GILIAN ANVANOD HOHYISIH NOSLUIG0H

INOZ

MICROFOSSILS

Elphidium incertum

Elphidium inflatum

Elphidium antoninum

Cassidulina laevigata pliocarinats

T+i+ i+ |+ 1+

+ |+ |t |+

+ {4+ |+ 1+ |t

+ |4 |+ |

+lel+ ]+

Cassidulina laevigata

w4+ ]+

+ i+ i+ |+ T

Cassidulina oblonga

Globigerina bulloides

+

Nonion granosum

Cibicides scaldisiensis

IDiscorbis milletti

4

+

Quinqueloculina seminulum

i g (T I g g g e g g )

Guttulina lactea

Cibicides lobatulus var,

grossa

Cassidulina crassa

Cibicides ungerianus

]+

++ ]+ |+

Nonion soldanii

Bulimina elongata

++ [+ 1+ ]+t

Uvigerina cf, cookei

+

Globulina gibba

+

Quingueloculina undosa

Aurila convexa

Bolivina subspinescens

Pyrgo bulloides

Sigmoilina celata

Eponides repandus

+ ]+

Uvigerina canariensis

Uvigerina asperula

Cibicides peelensis

+

Quingueloculina buchiana

+

+
+ [+ ]+ |+

Fissurina laevigata

Pullenia quingueloba

Cibicides aknerianus

Uvigerina hosiusi

Nonion affine

+ ]+ +

Bulimina elongata var,

subulata

Pyrulina fusiformis

Rotalia beccarii var,

Lenticulina gibba

+

Asterigerina staeschel

Textularia gramen

Echinocyvthevreis scabra

Globorotaloides variabilis

Nodosaria pyrula

Karreriella c¢f{. siphonella

VAOOVUISO (NV VHIAININVHOL




iy DU (U R i e I

e e | e e | e | o [ | | e | o

T -] |=—=—|—

N~ T [PI FIURY PUNDIGS PR UGG [ U J—

000t
00L

"00¢
00T
—00L

MIDDLE MIOCENE

AVID l"' !

31VHS
AQNYS,/ ALHS
11vHS %
INOLSIWE [T
) xoi 2i1100 &
IIWOI0a EEE
INOLSITS Ej INOLSIWI EB

ADOTOHLIT

o

WNEJAD -./

Ni
D SIAISNALNI m
D SOINVOITOA m
143HD H 31V 33IWOIONO

INOLSANYS D

Hid3d
‘portmr wnajoxrjed sdrypiyd.

wos [3]
s [5]

REEE!
*ALMION

304

*89°9°C1
31va

L1HVHD SISATYNY VII9010INOAVIVAOUIIN

*HMD
ISATVNY

(ILINIT ANVNOD HOHVISIH NOSLYIG0Y|

W31SAS

JOviS

3
]

1 000¢

"ON 1dVHD

[ToM ®oS yirgoN uertdesmion| *HYg

§
1

s 0001

NT-1T

INOZ

MICROFOSSILS

+

|+

Cibhicides aknerianas

+ |+
+ |+
-+

+ |

Cibicides ungerianus

bl
-

Cibicides peelensis

~ i+ i+ |+
+ v |+ |+
+ |+ |+ |+
ERERE L

+| ] i+

i+ + ]+ ]+

Cassidulina laevigata

Elphidium antoninum

+ |+ ]+ |+ |+

-+

Elphidium inflatum

CHESES RS

4
H

ARSI

i

Azterigering staeschel

+ ]+
T+ ]+

+

Nonion soldanii

AR EN N B Ry

+ 1+ [+ [+

+

Fl+ [+ ]+ |+ e+

Nonion affine

o

+ |+ L+ T

R R B R BN S B (N (R A S

Rotalia becrarii var,

4 |+l ]+

+

Bulimina elongata vor, (enera

+ |+ [+l e+ ]
PO S PO I B O S P e

LR RN
+ 4+ |+
+

-+ |+

-+

+
E R E N TN RN o

+

P R I ) P O R B T R P

+ |+

]+ |+

-

+

+

+l+ i+ e+ i
+l+ ]+ +
+l+ |+

Pyvrgo bulloides

+

Uvigerina canariensis

+
1+ |+

Uvigerina asperula

-+
e

r

-

Globigerina bulloides

|+ R R
+lr i+ i+ |t

+

it

Quingueloculina buchiana

|+ ]+
+lF ]
+ |+ |+ |+
-1~

+ 4+ ]+ [+

T+ e+

+ i

vttt
i+t
+iti+tr
+ 4+ ]+

Sigmoilina ecelata

+

+ 1+
+ {4+ |+

Trifarina bradyi

SRR

-+

Bolivina subspinescens

+
+

+
+
IR R R R R e R c R E N R B o B B B

Nonion granosum

Nodosaria pyrula

-+

Aurila convexa

A+

+

Fissurina laevigata

-+
+

-+

Uvigerina hosiusi

+ 1+ ]+ ]+

-+

+

-+

Cassidulina subglohosa

Pseudopolviworphina subnodosa

+

Glandulina laevigata

<+
+

+

Cibicides lobatulus

R R E RS N

+ |+

Loxos tomum sinuosum

+ |t g+ |+

Iropdicularia nysti :

+ |+ |+ |+
+ |+ |+ |+

-+

+ i+l 4

Quinqueloculina seminulum

Globulina gibba

Fehinocyvihereis scabra

+
-t

Nonion boueanum

+

Pulleuia guingqueloba

+l+lH |+t |+
|+ + 1+

i+ e+ ]+ |+ ]+

Globorotaloides variabilis

+

Globogquadrina venezuelana

+ ]+ ]+

+

Bolivina bevrichi

Virguline pertusa

Y T R S

Lenticulinae gihbha

Nodosaria ludwigi

,.
+iri+{+i+

LLagena hexagona

(ancris auriculus

Bolivina floridana imporcata

Bolivina dilatata

Lagena sulcata

Loxostomum teretum

el

Orbulina universa

"Cvithere" latimarginata

Spiroloculina canaliculata

+

Karreriella siphonella

Lenticulina ¢f, haueripa

Marginulina akneriana

Dentalina divergens

Lenticulina sp.
.

Listerella communis

Sphaeroidina bulleides

J Lagena tenuis
F*Textula

¢, gramen

Quadrucvthere macropora

Siphotextularia labiata

Cibicides lobatulus var, grossa

Bulimina elongata var, subulata

LTI INTRFVHO

G
[

vy

(INV

Vaosvdls

0001

0074
001+




A0S

3iva

=

swis [
AVIO B

*R9°9°cl

JIVHS

DMLI00

JLHWQO10d E[

INQLSIWHT

AGNVS/ ALTIS

)

G
s

ADOTOH LT
M

v
i

1

ISATVNY

T

S R B B R e e B B R

e e e R R Pl E el R I

WNSdAD .u

0001

‘=— L B IR I Rl Rt Bt

"00L

00z

00!t

SIAISNULNI n
SOINVTOA n
INOLSANYS [::}
INOILSITS - INOLSIWN E

Hld3a

Ni
NOLYDO01

[

[

[
jh/ele] [:_—}
1vs B

1334

MIDDLE MIOCENE

L33HD a 31V IIWOTONCD H

*ARMION ‘poriwrrt wnhatoeajed sdiTiiyd

1HYH SISATYNY IVJ190701NO3V1VdOUDIW

WAHLSAS

s 000V

‘'ON LYVHO
T1oM B®eS yraoN unrcomIoN| *Hy

v

,000¢
X1-11/L

3oviIS

(ILINIT ANVGNOJ HOWVISIH NOSLHIEOH

INOZ

MICROFOSSILS

4

-
+

+

¥

Cyitheridea mulleri

-+

+

-+

+

+

4
+

-+
+

"Cythere" latimarginata

¥

-

¥+

Echinocythereis scabra

+

+

+

Nonion boueanum

-

+

+

+|+

+ |+
1+

+

1‘.

Nonion affine

T|+]+
+i+ |+

+ i+ |+

+
R LR
it

Nonion soldanii

]+ ]+

+ i+

+ i+
+

+ i+ i i+

+ T

-

+ |+ I+ 1+

FlFF I+

¥+ |+

Nonion granosum

+1+

1+

+i+H i+ ]+

+ i+ i+

+ |+ i+
+ e T

-+

+ 1+

Cibicides ungerianus

1+

i+l T

Ny iy gy g ey e

+ |+ ]+ + ]+

4

+ 1+ 1+ e

+ i+ |+ F
+ {4 4 e
+ [+ I+ |+

b ad

gl

+

<+

FlFl+ 1+ ]+ 1+

+

Cihicides peelensis

Y [ N O
f‘r++

v

e+ +H]+H]+

.-

1+
w4+

RN Y

FE) JVS) ) Py ey ey g e

+=1+1+ T+ [+

AR R R

+l+ |+

+

SR L
-rf++++-v~+

+

A
+
Ft
3

# 14 [+ [+ e I e
+i+ |+ |+

+ 4+ fe fe I
L E R E R B
Fof+ [+

3

+

7

T

plibicides aknerianus. oo oo

Cibhicides lobatulus

+

+
-+
+
+
+
ol

Uvigerina hosiusi

o

-+

-+

+ 1+

Uvigerina canariensis

L I

ri4

U
.

e

SRR R S R R L b

Sigmoilina celata

+ 14|+

+ |+ +
+

+ i+t

+ ]+ +

+ 4+

+ |+
g e

+ [+ +[+

+

+ e+ +

+ I+ +H]+

{1+l +

+ e |+

+ |+ |+ |+
+
i

+

+ |+ |+ |+
+ j+ jr |+
+ |+ |-
+|+|+]+
+l+i+i+

+ i+ + 1+

Quingueloculina buchiana

Quinqueloculina seminulum

+
+
+

+

-+

4

+
-+
+
+
+
+
+

4+

Cassidulina laevigata

+
+

-+

+

++

+

+
+ |+

+
+

Cassidulina subglobosa

+
+
+
+

+

+

.

+

+ |+ [+ ]+ e [

+
+
4+
+
+

+
+

Eiphidium inflatum

++

+ |+

P v ey g I B B B I S S S R R R A

Pyvrgo bulloides

+

“+

Globigerina bulloides

-+

H A+ ]+ [+ ]+

+ |+ |+ |+

r
+ |+

+
-
-+
-+

+

Gtlobogquadrina venezuelana

N N s

Fl+ ]+ ]+ |+ |+ ]

+l+] ]+ ]+
Fl+]+]+

+
14|+

i+l +]+

|+

i+ 4

+
+
+
4

4+ +

+

Loxostomum sinuosum

.
+

+|r

Bulimina elongata var, tenera

+1+ |+

T

+

-

+1 ]+

+
i+ttt
44+

-

+1+]|

I EI R R RS

Bulimina elongata var, subulata

T

+1+]+

[P [N iy pray g e
R [FUN P g e

4
+

R I I o

Asterigerina staeschei

S A S Y

.
-+

i+ jr |+ i+
E R R I o o B I

4

Rotalia beccarii var,

+

el e+ ]

it v+ +

|+ 4+ 4+ |+

EEEREEE SRR

+

R N N R

EE R R R

Glandulina laevigata

i+

+|+

SR EN B B R R

i+l i+

+l++ ]+
+{Hf++H

Y 0 g (U Q) NG ) U QR ey ey i B

+

4

T+[+]+

+ld ]+

SN S RS R

P P S e

+
+ i i+

e e [+t

+ i+ [ri+]+

+ i+ j+ i+

+ 5

+ i+ |

+ i [+ |+ [+

LR R R R N o R
+ i+ [+i+i+

w1+ [+ I+

R R R R o i

4

gt

+i+ i+

i+ i+i+]r

+ |+

Pullenia sphaeroides

S S AN E

g
+lHlr ]+ ]+

+
+ i+ i+

Lagena tenuis

-+

Marginulina akneriana

T

+l+ |+ ]+

-+

+

-

4

Bolivina beyrichi

-+

Siphotextularia labiata

U R (RR PR (VR (O PR (KN PR R I SR S I T T O

Textularia c¢f, gramen

++ |+ 1+

S Y

) iy iy prig et

+ |+ i+ |+

+ |+ i+

+

+

IR S N RS E IR RS E S S

Fissurina laevigata

VAOOVHISO (INV VUIJLINIRVHOA

+
i

+

+

+

Globigerina angustiumbilicata

+{+ ]+

l.agena striata

+lH{+ ]+ |+

+1+

||+ +

<

“+

-+

+ |+l ]

+ -+

Sphaeroidina bulloides

Quadracythere macropora

+

<+

+ ||+

-+

Listerella communis

+

-+

Trifarina bradyvi

]+

.

+ ot
™
+

Puyllenia quingueloba

+l+]+]+

+l 4+ ]+

Krithe cf, papillosa

P (PR (PRGOS [ Y (VR ) ) e

Cyamocytheridea punctillata

Bosquetina aff, pectinata.

Nodosaria soluta

Cytherella beyrichi

-+ | |+

Frondicularia nysti

+
4
-+

Guttulina problema

Cvtheropteron c¢f., steinmanni

Nodosaria konincki

+

Globigerina praebulloides praebulloides

-+

+ |+

+

Glomospira charoides

1+ [+ |+

4-

Lenticulina grandis

+ |+ |+ |

+ |+ |+ +
+ |+ |+ |+

+ i+

+

Karreriella siphonella’

+l+ |+ ]+

+

-

Nodosaria pyrula

+

™

Orbulina universa

+
+

-+

Globigerina concinna

"

Bolivina floridana imporcata

Pterygocvthereis jurinei

Lk Ra

+

Cyclammina placenta

+

+

Ammodiscus incertus

T
+ 1+

I+ +

g+

Haplophragmoides latidorsatus
Lagena hexagona ' B

Cuneocythere? cribosa

++

Glandulina asequalis

+ {41+

Globigerina foliata

+

]+

+

Globigerina bradyi

+

Globigerina juvenilis

Al ]

Ti+

Cornuspira involens

+

Cyvclammina sp,

+

ol il el Bl e

Globorotaloides suteri

++]+

Lagena gracillima

Globorotalia scitula scitula

Angulogerina gracilis var, tenuistriata

Carinocythereis aff, carinata

Radiolaria

STISS0d ¥IHLY

0001

00z~

001 4




e o | -] -

RN IEENRNRNDE
REENE RN AR AR AR
RN RN
b pedbe et
NERERERIRER IR
NEREEEE RN RN
NEEIERER IR
B ERIEIEE
RERDIIENRDDE
|HINITHIEEIT

M)
T'ﬁ'
NN
WKL)
)
EEE)
K]
AEK]

0001

"00L
00t

LOWER MIOCENE

BURDL+ALTIAN

= g B= ==
DDODEEEE S |2
) L] K ~ [
~ > =3I | r
¢2 ¢ 2358 8 5 | |= |1SBI=
~ 22 2 X & 5 & k x = |cn
= ms oM = @ T .
T '@ as 32 O —
o b4 z A Z e = | =
= Z = m iy rm
%) - = = £ -
Y HEQEOOE ZIE B
Z QO =< > = = o
z o 3 = |5 =
2 6 & Z &5 @ = = S >
& & § € g 3 |- T e |=x=
< £ 2 9 9 z |k |z |=
g m a 3> 4 m = . —
o » m m =, T [
E > Py cg c
m 2 - = |=
e s Lieom T
- . 2 Dl |
i OO00REF | 22E 1=
i 9 g ¢ £ |E |2
m N T I o (T
2" & = =
o s 2=
-~ — rr
) T = (&
a e
m o =
-~ >
2 S Bl=
< S
= 8|~
\ f—
[} IS
o e
< ot
5 =0
o P
N
o) .
Z
m

- MICROFOSSILS

Echinocythereis scabra

Krithe ¢f, papillosa

"Cvthere" latimarginata

Nonion boueanum

+1+ |+

Nonion aftine

N
++l+

Nonion soldanii

i+ {ri+ |+ [+ ]+

o

Nonion granosum

+

JCibicides peelens

Cibicides ungerianus
is.._

+lrlH AT

- 4

Cibicides aknerianus

+

Uvigerina hosiusi

~lrl+it ]+

Uvigerina canariensis

Sigmoilina celata

Quingueloculina buchiana

i +HiH+
|+ +

Cassidulina laevigata

++]+]+

Cassidulina subglobosa

Globigerina bulloides

+
+

Globoguadrina venezuelana

-+

Loxostumum sinuosum

NI I I e e

Bulimina elongata var., tenera

Asterigerina staeschei

{Rotalia beccarii var.
Rotalia becc i a

+

Glandulina laevigata

++ |+ |+
+

+l+i+ |+

AR RS RS EIESE SRS

+l el H A+

i+ |+

+l 4|+ +] ]| AR R

Pullenia sphaeroides

Siphotextularia labiata

e H e ]

+
-

+

Fissurina laevigata

+
+

Globigerina angustiumbilicata

-+ {+ i+
-+

Sphaeroidina bulloides

+ |+ 1+

Listerella communis

+ |+ 1+ |

Globigerina praehbulloides praebulloides

Lenticulina grandis

-+

Globigerina concinna

+ |+

Cvclammina placenta

ES I o B

ol e B i

Ammodiscus incertus

+

+1+

#l ]+ |+

i) ) g Iy i

PR [P I U PR PO (VU VU DU DY

Haplophragmoides latidorsatus

el e e e ]

+lyd i+t i+ 14
Hlr ]+
LIRSS R

Glandulina aequalis

b
+
-+
e

-4

Globigerina foliata

+
+
+
+

4

Globigerina bradyi

] ] ]

+ ]+
+

Globigerina juvenilis

i) et
+l |+ |+ +
++] +
+| -+ +

Lagena striata

-

Globorotalia scitula scitula

“+
+

+

Globorotalia c¢f, mayeri

-+

Globigerinoides triloba triloba

C?.
++ 1+

Bulimina elongata var., subulata

+

Pyrgo bulloides

Orbulina universa

+ 1+ [+ ]+

Bolivina beyvrichi

+ |+ 1+ [+

Ehrenbergina serrata

Globorotalia fohsi harisanensis

Angulogerina gracilis var. tenuistriala

Karreriella siphonella

+ |+

Pullenia quinqueloba

Uvigerina tenuipustulata

Marginulina akneriana

Elphidium inflatum

Belivina cookei

Glomospira charoldes.

+.

Listerella c¢f, communis

ol
(o]
[ 1 i 1 P 1 1 1 1
AQUITANIAN |
+ +
+ + |+
+ + +
.
+ K
+
¥
|+ H + +
+ o]+ ++ |
+{+ + +
o
+]+ + + LT
4]+ H O+ L+l +
+ + o+
+]+] M H H H] ] +
+
+| 4+ H H o+ + ++]+
o+
i
+l +
ER I +H
+] H
o+ H ] ] ] ]+
E I T Wt A I o IR +1 +

+
+
-
“+

4

Cyclammina sp,

+ |+ |+
+ {4+ |+
i+ l+

Sphaeroidinellopsis seminulina seminulina

+ [+

Sigmeilina miocenica

4

Nodosaria soluta

Bolivina . floridana imporcata
+ Gyroidina girandana
+ Cornuspira involens
+ + Globorotalia scitula praescitula

+ + Globigerinoides bisphericus

¥ Spiroplectammina carinata

+ Nodosaria emaciata var, multilineata
+ Nodosaria ludwigi
¥

Bigenerina nodosaria

T

Radiolaria

00z
0014

NV VHHAINIAVHOA

VJOOVHLISO

HUHLO

STISS0




- . ‘g
BERERE RN IR R RER IR IR RN R AR AR RE IR AR AR RRER Phebr e v pvqe e err b e e gpepgryb g bbbt [:} "l EI] EI] = § T = =9
: =
R TR I R R AR AR IR AR RN AR R R AR L RR R R RN Phefr e ey e e e et DHDD IE :‘am‘:%
IOODDDDEDDDINDNNNoDNInIEnn PLepr e e e v b v gt grgiin g2 ¢ 2 58 8 £ |2 |= IBI1=2
BEIRT - >r:<‘>>§1rr'm.-: &.—u_-‘
INRIDRDRNDDNNNNEIEIIIIELEL bbb ey Pirpitis Ry R T dz ¢ & 1T | |1E8
: 4 o 2 0
IEONDDRERDDIRDnnDDnnnnn Ll e e e e e i g 5 ez |= = =
[ ] m ~
INDDERRDROE RIEDDBE BT HullrllnHll'llt"!"l‘lg < , - 222 ==
RAERERE HERERE BERERRE T[T i pr v e e e i e e pe pr g fe o ¥ ]\"}@DE; == |E3
. Vi E Pl e e e e e e gt prrgigl ~<cnmm;’@.,—°;~'
- d R =
ERERERERRREERDENEEEEIERDEDE Z g x ¢ X = ‘g FIKR (=
» A o Z @ =] = 1G9 e
’ - C>CC)8-—! o |—
i T D e e e e e e pe e e e e g o fo oo - T R
* 9 5 0 2 oz Tz =
m 7 m m =1 [ =]
b ) > T )
- > :1 f§ =
L R 5 - Ol |
= = 2 | £§E
z ) . O b —
. n 95 Z|f— | 2=
- z | | —<
- © ® N o 0 S w N 3 m e} o ¢ <© E (=L :
Q o S o o o o © 8 L - > |~ S| —
8.j|||olllllollllpllllPlllllolillloll!llolllixolllllIlll_.—q‘ _ggzg m_l
3 s | =z =
s ‘:n“
: S = Rl oo |
| SRF—==
. ) — -}
OLIGOCENL i LOWER MIOQCENE @ - £ I
| | z S 3
' R
o =
- - 71
| 8l =
! U
|
l <
. o -1
- 9 e -
[ AQUITANIAN > - |-
Q |
| " =
I Pt
N
o}
Z
m
MICROFOSSILS
+ l+]+ wl4+ 1+ + |+ |+ IRERERL whe e e lel+l+lele s+ e+ o e j+]+de e H e+ l+ e i+ [Cyveclammina sp,
+ B+ ] el e e+ i+ +] v+l + e+ ]+ FIHTRRT#] J+ ]+ j+ [+ ]+ [+ [+ ]+ ]+ j+ |+ F+ [+ ]+ 1+ |+ [Globigerina praebulloides praehbulloides
FR RN RS R o B = RO EO EA EU R YOS DUR) RFTS VN DYR DR IR AN S +H |+ FlH R R I R [ PR (Gl obigerina angustiumbilicata
U I NI I Y I VU P P PR VR U P IOV IO PV P PR D I HlH e [ E | e[| [+ |- [Hoplophragmoides latidorsatus
i+ |r |+ 4 |+ + Sl E |+ + | F i+ i+ Listerella ¢f, communis
+ + + |+ 3 + + 1+ +|Lenticulina grandis
T EE +Pullenia sphaeroides
- IS - 1 FI¥ETaial+ ) T T 1+ |+ F +1+ + 1+ i +{GTobigerina condinna -
+ 1+ +]+ + + + +|Globigerinoides trilobha triloba
+ +i+|F L IR DV VRS DR DFRS IO IR +1+1Globorotalia fohsti barisanensis
+ + 1+ + + {Uvigerina tenuipustulata
+ r + {Globigerina juvenilis
+ R R R SR R + [+ |+ |+ |+ |r]|+jAsterigerina staeschel
+ + + i+ E + +{+ b + Cornuspira involens
+ ' ot + |+ + Siphotextularia labiata
+ 1+ + o+ , + Sigmoilina miocenica
+1 +i+ e Globorotalia scitula praescitula
Nodosaria pyrula o
+ 1+ . {Sigmoilina tenuis : =
+ Sphaeroidinellopsis seminulum seminalum =
+ + + Frondicularia nysti -
ks 3 + + + |+ Bulimina elongata var, tenera -
+ + + Nodosaria spinescens 52
tF il Il Il el Bl + Bl Bl R k ¢ F + +i+ + Ammodiscus incertus
N B 5l B ol Bl B il Fl+]+)+ i+t + it |+ + |+ t+ P + Cvelammina plucenta
+ + il Bl Il b Glomospira charoides
+ + Bulimina dingdenensis
¥ +it + Sphaeroidina bulloides
it all Il el el il Bt s al Bl el Il s + + Coscinediscus sp,
+ i + : Nonion aftine
; + Angulogerinag gracilis var, tenuistriata

VAOOVHISO ANV VH

+ i Nodosaria ludwig!

l«ilGlobigerinoides bisphericus

Bhabdammipa sp.

Si[ﬁxoxnulo%zsrianllirsmxta

Asterigerinag gurichi

Lagena laevigata

Frondicularia seminuda

Haplophragmoides carinatun

Lagena elongata :

Globigerina praebulloides leroyi

Quinqueloculing akueriana

[.agena sulcata

Lagena oxystoma

Lenticulina hauerina

Catapsvdrax unicavus

Globigerinita martini scandretti

Guttulina problema

Dentalina globulifera

Bathysiphon dubia

Gravellina ¢f, narimaensis

Ammodiscus dominicensis

Fechinocythereis scabra

Bulimina elongata

Textularia agglutinans

Haplophragmoides sp.)

+ ‘ Haploecytheridea curwata

+ : Globoretalia maveri

S N R S S T 00 N SN N TN I T B JUE N P N -~ N (U S EU S W - ,»m#ywwJL&M%&Qﬁ¢ﬁ¢M$m4MHmMML%
) . Sigmoilina c¢f, schlTumbergeri

+
+
+
+
+
+
+
+

+
+
+
+
+
+

+|+
+]v |+ +

+ ]+
+
+
+
+1+ [+
+
+
+{+i+| +
+

+
+l+l+]+
el ]+

++

+
++ ]+

G VS5 U ) (e

&
-+
+
+
+1+]+
4
+
+
+

-+

Lenticulina aft, platypleura
Hyperammina =p.
Cribrostomoides sp, |
Globogquadrina venezuelana

B NI oo e e S ] e

0001
00l




— ] ] ] — —

— ] e | e § oo | o

f e | ] oy |

e | e | o § e e | | e

006

Hid3ad

OLTIGOCENE

!
¥04

"89°9°CI

3lva

AViD ! :l

1aHd ! AVNIWOTIONOD @ INOISIWD] g

wod E

JIVHS %

ADOTOHLN

* HMD

ISAIWVNY

WNSdAD -
3NOISINS E] INOLSIWN EE}

‘pojrwmig unayjoryad sdryTTYC

3)VHS
SIASNELNG B] mms)ums E

$DINVOIOA m
INOISANYS D 1LIWOI10a @

THH) SISKTONT OIS0 T0LNOAV TGN

(311N ANVINOD HOHYISIH NOSLY3A0Y

O
L]
[]

nvs Eg__]

*KeMION
Y1J0N URTHOMION

W3LSAS
50002
Rog

T19oM

L "ON LIVHD

/

;0008

KT1-1T/L

3OVIS

aINOZ

MICROFOSSILS

+

Haplophragmoides sp. |

+

+

+ |+

+
+

+

+

-+

4

Cyvclammina placenta

+

-+

+

+

+

+

+

Haplophragmoides latidorsatus

|+ [+ [+

+{+ |+

+ |+ [+ 1+

Haplophragmoides carinatum

+l+ [+ ]+ ]+

++

+1+ 1+ [+ ]+

s

+ |+ [+]+

i+ |+ |+

+i+f+ |+ e

Cyclammina sp,

]+

+

+]e ]+ ]+

+i+i+ |+

+

e S R E
+ e+ ]+ |+ ]

Globigerina angustiumbilicata

+

e

-+
+
+

+

T+ |+
+

+

Bathysiphon dubia

+{+]+]+

+l+ [+ +]+ ]|+

+j+ ]+t

+{+ |+

+l+ [+ ]+ ]+ |+

++ ]+ ]+

+l+ |

A+ 4]

o S RS A

+

+tlrj+l+i+i+]+

+l+j++ ]+
+i+ i+ |+

wl+ ]+ ]+ ]+]+

++ |+ + ]+ [+ ]+ ]+
+
+ |+
+

+

++]+]+

+i4 [+ [+ ]+ ]+
]+

]+ 1+

4

Bl Bl ol B el Bl

A E E E R R N B

e+ ]+ ] [+

w{+ i+l e+ |+ ]+

+l+ ]+ [+
+l+ I+ ]+ |+

+ 1+ ]+

Rhabdammina sp.

Gravellina c¢f., narivaensis

¥
-+

+

+

+

+
+

+
+

+
+
+H+] ]+ ]+

T

+

-+
“+

+

Y (NS D U (VR D IS DO PR

+

4+ |+

Sigmoilins

celata

+

+
+

+

++f+ |+

o o N oy

Globigerina praebulloides praebulloides

Cribrostomoides sp, 1
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Coscinodiscus sp,
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Aumodiscus incertus

Guttulina problema
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Hyperammina sp.

Bulimina elongata

Globoguadrina venezuelana

Nodosaria spinescens

N e e

Cibicides tenellus

Globigerina cf, ampliapertura

Nonion affine

Lenticulina hauerina

Sphaeroidina bulloides

Ammodisus dominicensis

Lagena sulcata

Lagena elongata

Haplocvtheridea curvata

Catapsydrax unicavus

Chilostomella cylindroides’

Krithe pernoides

Frondicularia seminuda

Loxostumum digitale

Pullenia sphaeroides

Globigerina praebulloides lerovi

Glandulina laevigata

?Saccamunina sp.

-+

Hormosina sp,

+

+

+

Hyppocrepina sp,

Pelosina sp,

+1+ [+ [+

++ |+ |+

++ [+ [+

Glomospira charoides

Cornuspira involens

Eponides umbonatus

-+

Catapsydrax dissimilis

Echinocythereis scabra
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Glomospira charoides

Bathysiphon dubia
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Globigerina angustiumbilicata.
Cyclammina sp,. .
Lenticulina grandis

Cyclammina placenta

Haplophraomoides latidorsatus
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Cribrostomoides sp. 1
Pelosina sp.
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Cytheretta sp,

Hyperammina SD.
Globogquadrins vepnezuelana
Hormosina sp.

Ammodiscus incertus
Echinocythereis scabra
Hyppocrepina spa.
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+
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Catapsydrax unicavus

Globigerina praebulloides prsebulloides
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4
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Haplophragmoides sp, 1
Gyroidina girandana
Sigmoilina celata
Ammodiscus dominicensis
Pyrgo sp.
Nenion affine
Haplophragmoides carinatum
Spiroloculina canaliculata
¥ ‘ + Catapsydrax dissimilis
' ' + ~ {Bulimina elongata

+{+ +1+ + + + + + + + + +l+| P+ +] + H o+ + Coscinodiscus sp,
+ i +1 + + + Glandulina laevigata

: : + Lagena sulcata
, + + Lenticulina hauerina
+ . 4+ : + Guttulina problema

+

+

+

+
+i+j+i+

4|+ ]+
+]+|+{+] 4]
+

+
+
+
3
+

+
+
+
+
-
+
+] |+
w4+l + ]+
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+ |+ + + Cibicides tenellus

+ +]+ ~ + + . JRotaliatina buliminoides

+ R + Cytherella beyrichi

+ , +1 | Krithe pernoides

' + Lagena laevigata

+ + w4+ el + ]+ + e+l [+ Triloculina tricaripata

+] + 1+ Gravellina cf, narivsensis

R R R I R R EA R R +|+ +l+l ]+ +]+ +lHl+l+ ]+ + + +1 41+ ) _1Haplophragmoides sp,

+ + ‘ Pyrulina cylindroides

+ 1 Cancris auriculus

Xestoleberis muelleriana
Globigerina c¢f, ampliapertura
Globorotalia c¢f. cerro-gsuelensis
Globorotalia c¢f, ceptralis

Cribrostomoides sp, 2
Bathysiphon eocenicus _
Irochommina globigeriniformis var. altiformi

+ i+ ]+ +

+
-+
+
+
+
[+ 1+ 1+ +
+
-+
[+ |+ +
+
+ [+ [+ ]+ +
+

Globigeripga barbosa
Globigerina cf, linaperta lipaperts
Trochammina globigeriniformis
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Bathysiphon eocenicus
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Cyclammina placenta
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+1 ++

Glomospira charoides
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Rhabdammina sp.

+ |+
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F 4+ ] +{+

+] +| +| +] +
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Hyperammina sp.

+ i+ B+

+ |+
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Trochammina globigeriniformis
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+ |+ |+
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TrochamminaAg}obigeriniformis var. altiformis
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++

+ +

Haplophragmoides sp.
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Haplophragmoides carinatum
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F 1+ H+
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)+ L]+ e ]

Haplophragmoides latidorsatus

4
o
s
.}.
+

B

Hormosina sp.

+
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+

+
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Cyclammina sp.

+ ]+ |

] e | H
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Ammodiscus incertus

TAVHOA

+ 1+
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Cribrostomoides sp.

Globigerina barbosa

Coscinodiscus sp,

qH.

{Pelosina sp.

Hyppocrepina sp.

Globigerina cf. lipaperta linaperta
Krithe cf. rutoti -

Globigerina triangularis

HISO ANV

+
+

+
+

Haplophragmoides cf, obliquicameratus

Cyclammina challinori

Cyclammina incisa

vao

+
-t
o+
1+ ]+
++{+]+

]+ +]+

+ ]+ +
4]+
]+

Trochammina pentagona

s
-+

+ 4+ ]+
+

Globigerina triloculinoides

+
+
+
+
T

+ 4]+ 1+
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Involutina pyvrotecnica
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Glomospirella woodi

e

?Rzehakina sp.

+
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+
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+
+
4
-"-
+
+
4
+
+
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Spiroplectammina spectabilis

Pullenia quaternaria

+
*
o+
+
+
+
+
+
+
+
o+

Globigerina inaequispira

Globigerina spiralis

Cicatricesisporites sp.

cf. Polyadopollenites sp.

el

Cicatricosisporites dorogensis

Cingulatisporites marxheimensis

Toroispora sSp.

Triatrisporites myricoides
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Laevigatosporites haardti
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Bathysiphon eocenicus

Rhabdammina SP.

Hyperammina sp.

Trochammina globigeriniforuis

+ I+ |+ |+ [+
BB N B

Trochammina globigeriniformis var, altiformils

Haplophragmoides carinatum.

-
+
o+
+
+
+
+

Cyclammina sp.

Coscinodiscus sp,

+ 4 e e

Haplophragmoides ecf, obliguicameratus

+
+
+
+

TR [ g R IR P PR P Iy e

*

{Cyclammina challineri - . . . .

+ [ |+ |+ [+

Cvclammina incisa

Trochammina pentagona

Globigerina triloculinoides

7

Involutina pyrotecnica

[+ [+ [+ 1+ T+
+ |+ [+ |+

Glomospirella woodi

?Rzehakina sp.

+
PR PR [Py R I e

-+
|

+
+

Spiroplectammina spectabilis

+ ]+ I + + Hormosina sp,
| Globigerina pseudobulloides

Cibicides proprius

VUAI INTAVHOL

Pullenia quaternaria

Globigerina spiralis

Allomorphina subtriangularis

+

Bulimina midwayensis

[P PRy gy jrup (W R

Gavelinopsis acuta

Pseudotextularia elegans

Biglobigerinelloides sp,

?Rugoglobigerina sp,

‘*mm‘

Osangularia lens

F 14§+ [+ [+

+ 1+ l+le + 1+ Globorotalia compressa

+ + 1+ [+ i+ 4 + Globigerina aff. daubjergensis

+ _ Nodosaria cf. limbata

Glandulina laevigata

+ 4| ' 1 i Albemorphina halli

-

+ 1 l.agena vulgaris

+ LLagena gracillicosta

T 1+ Globorotalia quadrata

+
1+
+
+

Globigerina dauhbi

F . v Guttulina hantkeni

Dorothia bulletta

Pyrulina cylindroides

[+ ]

Karreria fallax

+ 1. Globigerina c¢f, arabica

+ ) ‘ ' ?Globotruncana contusa
) Heterohelix sp.

?Stensioina sp,

?Globigerinelloides Spa

+ [+ |+

?Rugoglobigerina sp,

+ " Fl+l+ 1+ + 1+ |+ 1+ + +ie(H], , - lGavelinella sp.
' n : ' Praebulimina sp,

+ ] + ' ' Pullenia sp.

+ | _|Heterohelix cf, pupctulata

+ + ’ ' Lenticulina cf, pseudovalis

+ , Polymorphina sp,

+ , ' Pullenia c¢f. cretacea

- . ‘ | jLenticulina sp.

Gavelinopsis sp.
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+J+ |+ + |+ A AR AR R et R A N I e I e + 1+ + +]+ +l+1+{+}+ | Gavelinella sp,
+ : + + Lenticulina sp,
+ + Polymorphina sp. -
+ + Striate Heterohelix sp,
Eoguttulina sp,
+ 1+ |+ + |+ ]+ R A R R EA E R R R S IS Rugoglobigerina rugosa cf, rugosa
. + PR PR (PR I (PO PO DO PO D S Rugoglobigerina rugosa c¢f. rotundata
- + |4 + |+ + |+ Pullenia cretacea
+ + [+ [+ + Globotruncana cf, marginata
‘ 8 il Bl bl + + o i T ] - ‘Tritaxilina laevigata
+ + |+ + + i+ |+ + MR EEE: + + i F Gyroidinoides nitida
+ + Globotruncana cf, mariei
+ + + + + |+ |+ [+ I+ |+ +1+ |+ Globigerinelloides aspera
+ + |+ + |+ + 1+ Heterohelix c¢f, globulosa
+ + + |+ + + 4+ |+ [+ |+ 1+ Gaudryina sp,
1+ + + 1+ ] ?Globorotalites micheliniana
+ + - Globotruncana arca
+ + Globotruncana cf, imbricata
+ |+ + |+ |+ + b+ |+ f+ [+ + |+ [+ I+ [+ + Praeglobotruncana stephani
+ +j+ |+ + |+ ]+ |+ + fF b Praeglobotruncana c¢f, hagni
+ + [+ + + |+ + Globotruncana linneiana c¢f, tricarinata
I Reussella c¢f, szajnochae
+ + + + + |+ Globotruncana linneiana cf, bulloides
v + + 1+ |+ Heterohelix sp.
+ Globotruncana linneiana linneiana
+ + 1+ + |+ Praeglobotruncana sp,
+

VHIAININVYOJ




S

S
S

S
s

1

S

S
SIS

S
S

&)

g

N

S
S

<
o
G

4

S
/{77171 7
A VAVAVEARE
AWAVARE K
AV EVAVANS
7V /) 7/
/717417
1717

/{\717
7V 77

JURASSIC
UPPER PERMIAN

- CRETACEOUS

ZECHSTEIN

s o S— —— — —— — r—— S——— —— c—

TURONTAN

CENOMANIAN

? ALBIN

L1HYHD SISKIVNY VDID010LNOV VdOHOIN
O3LINT ANVAWOD HOHVISIH NOSLY380H

el Bl v
= Q1 ¥
] DDO®mE;E s
/- L3 0 < [ — .
A5 5§ %L |3
(I) ;}m 85 z § w N
/ -
§ % % ™ m o
Ve e}
& o~ oy
V i =Z
HEREOO [ |3
= » [’ ©
zZ § 2 8 % £ [ -
& 9z & § g g
z =2 6 a o [
(v g rad m . 'Y
m S 2%E~ & & =
] § bed s Z -~
[ =] - :,R
- < ""1)
- D o = -
z ] - ® 9
O0BEEB| |3
- e
m = 0 ) ®
m = g 0 S ~ =
(ol F -] l')" - =
~ - = Z
@ < ]
= . la}
3 e =2 =
= — - n
g 7z Tk
et o S =
(=N < )
s = 3|2
o Yt
w [
s (SN SN
o o T
= o -
52} < Pk
4 S '
> 2 |L
@ - ke
m
N
o
Z
m

MICROFOSSILS -

L
K
|

Samples analysed palynologically

+1Gyroidinoides nitida

+|Praeglobotruncana stephani

+|Globotruncana linneiana c¢f. bulloides

Gavelinella sp.

?Rugoglobigerina sp,

Praegloboiruncana cf. hagni

Globoitruncana c¢f. marginata

+

Biglobigerinelloides sp.

Praeglobotruncana sp,

Globotruncana arca

Lenticulina sp,

Anomalina sp.

L + Odontochitina c¢f., operculata
++]+ + Hysirichosphaera ramosa ramosa
+] + Odontochitina syp.
' + ?Cannosphaeropsis densa
Deflandrea bakeri
Deflandrea rectangularis
+ Hys:richosphaera cf. siphoniferum
+ Hystrichosphaeridium cf. recurvatum
T+ ?Baltisphaeridium hirsutum
T ?Gonyaulacysta sp.
+ Oligosphaeridium complex
|+ Gonyanlacysta-sp.
prag ey iy Prerospermops1is sp.
i ?Pterospermopsis sp,
+ Cannosphaeropsis c¢f, filamentosa
F "Gleicheniidites sp,
+ ?Classopollis sp.,
+ ?Bisaccates .
+

?Tsugaepollenites sp,

Bisaccates

?Leuckisporites virkkiae

Protohaploxypinus sp,

+ [+ ]+

Leuckisporites virkkiae
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