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The lithostratigraphy and biostratigraphy in the Jurassic series of the Hobro No. 

I and Voldum No. I borings are described brieny. The lithology and the facies 

indicated by the petrophysical measurements for certain parts of the series. a 

A con1ribution 10 part of the Lower Jurassic, the Middle Jurassic, and the uppermost part of the 
PR OJECT Upper Jurassic, show a transitional position of the series in the Dani sh Subbasin. 
TORNQU IST 

( IGCP Accession 

Number 86) 
Olaf Michelsen, Geological Survey of Danmark, Thoravej 31, DK-2400 Copen­
hagen NV, Denmark. 

The present report is published to inform about the borings in the Jurassic se­
quence most recently released for publication. The borings are situated in the 
Danish Sub basin (fig. 1 ). 

The interpretations included in the report mainly derive from internal reports. 
The palynology has been studied by Finn Bertelsen, the Upper Jurassic ostracod 
faunas by Ole Bruun Christensen, and the Lower Jurassic ostracod faunas as 
well as the lithostratigraphy have been studied and worked out by the present 
author. 

The Voldum No. 1 boring was drilled in the period 4th March to 15th April 1974 
south of Randers at the location 56° 23' 02" N and 10° 16' 01" E. The elevation 
of ground level is 30 m above MSL and of kelly bushing 35 m above MSL. The 
following series were drilled (depth measured from ground level): 
0-21 m: Danian limestone 
21-1242 m: Upper Cretaceous limestone 
1242-1752 m: Lower Cretaceous and Jurassic claystone and sandstone 
1752-2307 m: Triassic claystone, sandstone, limestone, and evaporites 

The Hobro No. 1 boring was drilled in the period 1st June to 10th July 1974 
west of Hobro at the location 56° 36' 30" N and 09° 38' 04" E. The elevation of 
ground level is 27 m above MSL and ofkelly bushing 32 m above MSL. The fol­
lowing series were drilled (depth measured below ground level): 
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1610- 2371 m: Lower Cretaceous and Jurassic claystone and sandstone 
23 71 - 2592 m: Triassic claystone, sandstone, and limestone. 
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Lithostratigraphy 

The lithostratigraphy has been worked out and given in the table below in accor­
dance with the definitions in Michelsen ( 1978). All depth figures are measured in 
metres below MSL. 

Hobro No. 1 Voldum No. 1 
Bream Formation 1741 - 1823 1278-1358 

Frederikshavn Member 1741-1806 1278-1344 
B0rglum Member 1806-1823 1344- 1358 

Haldager Formation 1823-1891 1358- 1388 
Flyvbjerg Member 1823- 1852 absent 
Haldager Sand 1852-1891 1358- 1388 

Fjerritslev Formation 1891-2343 1388- 1722 
Member F-IV 1891-1923 absent 
Member F-III 1923-2077 1388- 1497 
Member F-Il 2077- 2108 1497- 1527 
Member F-I 2108-2343 1527- 1722 

Fjerritslev Formation 

The formation characters are as known from the main part of the basin, and the 
formation can easily be correlated to the series known from the R0nde No. I 
(pl. 4) and the Gassum No. 1 borings (Michelsen 1978, fig . 14). 

The character of the Member F-I is as known from all borings south of Vend­
syssel. It is divided into the two subunits, F-Ia and F-Ib, which represent the 
Jurassic transgression and the deepening of the basin respectively. 

In relation to the reference section, Dansk Nords0 J-1, and to the general fea­
tures, the Member F-II is rather thin and untypical. It cannot be subdivided into 
the three subunits as known elsewhere in the basin. In both borings the gamma 
ray curve is insignificant with relatively low values as in the Gassum No. 1 bo­
ring. The acoustic measurements in the Hobro No. 1 boring distinctly separate 
the member as it can be done in the sections to the west and northwest. In the 
Voldum No. 1 boring the acoustic measurements are only slightly differentiated 
as in the R0nde section to the southeast. 

The Members F-III and F-IV in the Hobro boring and the Member F-III in the 
Voldum boring have been developed as typical for the central part of the basin , 
and the series can easily be correlated to other borings. 
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Haldager Formation 

Apart from the Horsens No. 1 boring, these sections are the most southeasterly 
ones comprising the formation ( cf. Michelsen 1978, fig. 15). 

In the Hobro No. 1 boring both the Haldager Sand and the Flyvbjerg Member 
are present but the latter member in a more clayey facies than usual. It does not 
comprise limestone beds in the top of the series but instead a solid sand bed. 

In the Voldum No. 1 boring the Flyvbjerg Member is absent, and the Haldager 
Sand is more silty than in the type section. 

Bream Formation 

In both borings the formation appears in a rather typical way. The B0rglum 
Member is thinner than normally but of comparable thickness with the series in 
the Gassum No. 1 boring. 

In general, the Frederikshavn Member has the typical characteristics. In the 
Hobro No. 1 boring it can be dicided into the three cycles A, B, and C (see pl. 4). 
The lower part of the cycle C does not comprise a claystone series as known from 
the Haldager No. 1 and B0rglum No. 1 borings (cf. Michelsen 1978, fig. 16). In 
the Voldum No. 1 boring the member is a massive sandstone series with a few 
thin claystone layers as it can be seen in the R0nde No. 1 boring. The Hobro 
boring may be regarded as transitional between the area to the north and the area 
to the south comprising the Voldum No. 1, R0nde No. 1, and Horsens No. 1 
borings. 

Conclusions 

The two Jurassic series are of transitional character between the facies known 
from the central and northern part of the Danish Subbasin and the facies known 
from the southern and southeastern part. The lithostratigraphical units in 
question are the Member F-II, the Haldager Formation, and the Frederikshavn 
Member, which are the units representing shallow water condition (?) and two re­
gressive periods respectively. 

Generally the Hobro section shows affinities to the central and northern parts 
of the basin, but the Member F-II and the Frederikshavn Member of the section 
resemble Gassum section too. 

The Voldum section shows affinities to the southern part of the basin compris­
ing the R0nde No. 1 and Horsens No. 1 borings. 
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Biostratigraphy 

The biostratigraphical subdivision of the two sections is given in pl. 4 in chrono­

stratigraphical terms and with signatures indicating when ostracods, foraminifera, 

or palynology have been used. The biostratigraphy based on ostracods is as de­

scribed in Christensen & Ki lenyi (1970), Christensen (1974a), and Michelsen 

(1975b). The palynological investigations are described by Bertelsen (I 974, and 

in the appendix). The chronostratigraphical conclusions are based on lithostrati ­

graphy and biostratigraphy as defined by Michelsen ( 1978). 

The stratigraphical subdivision of the two sections is in accordance with the 

subdivision known from sections in the central part of the basin (cf. Michelsen 

1978). Therefore, the biostratigraphical data will be presented only briefly. 

The Lower Jurassic ostracod faunas found in the two sections a re rather equal. A 

distribution chart from the Hobro No. 1 boring is given in pl. 5 to demonstrate 

the fauna composition and the basis for the stratigraphical determination . The re­

view of the fauna! seccession is given below referring to Michelsen (I 974). 

Hettangian and Lower Sinemurian comprises the C. betzi - C. crassireticulata 
and 0. aspinata Zones. The 0. aspinata Zone is the lower one of the two zones ; 

it is characterized by Ogmoconchella aspinata (Drexler 1958), Ogmoconcha ha­
genowi Drexler 1958, Klinglerella (Klinglerella) medioreticulata (Michelsen 

1970). Pseudomacrocypris subtriangularis Michelsen 1975, Nanacy there (Gonio ­
cythere) elegans (Drexler 1958), N. (G.) paracostata Michelsen 1975 , and N. (G.) 
circumcostata Michelsen 1975. The two first-named species are the most domin c1-

ting species, and K. (K.) medioreticulata a common and characteristical species. 

The group Nanacythere (Goniocythere) is common and characteristic in the up­

per part of the zone which can be referred to Lower Sinemurian . The C. betzi - C. 

crassireticulata Zone is poor in species and in specimens. It is determined on the 

uppermost occurrence of Cristacythere betzi (Klingler & Neuweiler 1959) and 0. 
hagenowi. 

Upper Sinemurian comprises the lower part of the 0. danica Zone. The fauna 
is dominated and characterized by Ogmoconchella danica Michelsen 1975. The 

fauna is furthermore characterized by a successive occurrence of Progonoidea re­
ticulata (Klingler & Neuweiler 1959), Klinglerella (Kling/ere/la) laqueata 
(Klingler & Neuweiler 1959), K.(K.) multicostata (Klingler & Neuweiler 1959), K. 
(K.) vulgaris (Klingler & Neuweiler 1959), K. (K.) triebeli (Klingler & Neuweiler 

1959), and K. (K.) variabilis (Klingler & Neuweiler 1959). 

The lower part comprises the P. reticu!ata Subzone. 

Lower Pliensbachian comprises the upper part of the 0. danica Zone (the G. 
apostolescui - K. (K.) foveolata Subzone). The fauna is characterized by Klingle­
rella (Klinglerella) foveolata Michelsen 1975, Pleurifera harpa (Klingler & Neu-
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weiler 1959), 0gmoconcha amaltheiformA Michelsen 1975, 0gmoconchella da­
nica Michelsen 1975, and 0gmoconchella transversa (Griindel 1970). The fauna 
is rich in species and in specimens, a typical feature in the Danish Subbasin. The 
three first-named species are not known outside this subzone; 0. danica is usually 
rare above the subzone (however, in R0nde No. 1 it has range corresponding to 
its range in the present boring). 0. transversa is a species typical for the subzone 
and for the lower part of the superjacent 0. adenticulata - N. (N.) simplex Zone. 

Upper Pliensbachian comprises the 0. adenticulata - N. (N.) simplex Zone. 
The fauna is rich in species and specimens and is characterized by 0gmoconchel­
la adenticulata (Pietrzenuk 1961 ), 0gmoconchella aequalis (Herrig 1969), 0gmo­
conchella pseudospina (Herrig 1969), and Nanacythere (Nanacythere) simplex 
Herrig 1969. 

The zone can be subdivided into two subzones. The lower subzone is characte­
rized by 0gmoconchella transversa (Griindel 1970) and Acrocythere tricostata 
Michelsen 1975, and the upper subzone by Nanacythere (Domeria)firma Herrig 
1969 and Nanacythere (Domeria) fissicosta Herrig 1969. 

The boundary Lower-Upper Sinemurian is found lowermost in the Member 
F-Ib. The Lower-Upper Pliensbachian boundary is found at the transition be­
tween the Members F-1 and F-11, which is deeper in the series than usual. It may 
be due to a reduction of the Member F-11 which elsewhere in the basin is thicker 
and comprises three subunits. The top of the Upper Pliensbachian is found in the 
upper part of the Member F-111, which indicates that the upper part of this mem­
ber has been reduced or condensed (cf. Michelsen 1975b and 1978). 

The Middle Jurassic age is only indicated in one sample within the Haldager Sand 
in each of the borings (for further information see the appendix). 

The boundary Jurassic-Cretaceous has not been defined biostratigraphically but 
is based on correlation and determined to the transition cycles B-C (see Michelsen 
1978, p. 23). Only a few ostracod specimens are found in the upper part of the 
Frederikshavn Member indicating a probable Upper Jurassic age. Lowermost in 
the member and in the B0rglum Member is found a fauna belonging to the G. dis­
similis and G. elongata Zones referring the series to Lower Kimmeridgian. The 
fauna comprises species as Galliaecytheridea postrotunda, G. elongata, G. dissi­
milis, G. wolburgi, Macrodentina (Polydentina) gallica, and Monoceratina cf. 
vulsa (Christensen 1974 b). 

Appendix 

The appendix is an extract of the unpublished report: 
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This is done with the permission of the author due to the rather insuflicient knowledge of the distri ­
bution of the various taxa within the Danish Subbasin. It has not been feasible to divide the studied 
section strictly into stages. Instead certain assemblage units are recognized (see also pl. 6) . 

The assemblage units 
Uni! A 
The assemblages dominated by pollen of the Circumpollis group: Granulopercu/atipollis rudis 
Venkatachala & Goczan 1964, Corollina meyeriana (Klaus) Venkatachala & Goczan 1964. and 

Classopollis taros us (Reissinger) Bal me 1957. Ovalipollis ova/is K rutzsch 1955, Ricciisporites 
tuberculatus Lundblad 1954 a.o. seem to occur due to caving. Probabl y all of the miospores present 
in the lowermost sample are contaminants. 

Unit B 
The characterising element of this unit is Ricciisporites tubercu/atus Lundblad 1954. which is extre­

mely abundant in sample 2449 m (70.5%). Important accessory species are Rhaetipol/is gennani­
cus Schulz 1967, Limbosporites lundbladii Nilsson 1958, and Ovalipollis ova/is. Also bisaccate 
pollen grains (Alisporites, Pityosporites) are common. 

An assemblage of the above type was found in sidewall core 1857 m in the Voldum I borehole 
(Bertelsen int. report April 1974). 

Uni! C, 
Deltoidispora spp. ocur with high percentages. Perinopollenites e/atoides Couper 1958, Classopol­
lis torosus, Chasmatosporites spp. and bisaccate pollen are common. R. tuberculatus is sporadical ­
ly present whereas other 'Rhaetic types' have disappeared. A number of long ranging taxa are intro­

duced among which is Cerebropollenites thiergartii Schulz 1967. 
Microplankton in the form of Tasmanitids and Acritarchs are present indicating marine influen ­

ce. Important is the presence of Leiofusa jurassica Cookson & Eisenack 1958. 
The megaspore species Nathorstisporites hopliticus 1958 found in the ditch sample 2376-2382 m 

is probably also to be included in assemblage unit C,. 

Unit C, 
The assemblages consist of a majority of bisaccate pollen grains (gymnosperms) and other airborn 

pollen types as Perinopollenites e/atoides whereas microspores are infrequent compared with the C 1 

assemblages. Younger Liassic elements are not present but the occurrence of Cerebropollenites 
mesozoicus may indicate an age younger than Lower Sinemurian. 

The occurrence of Tasmanitids, Michrystidium spp., Dinoflagellate cysts. especially in sample 
2210 m, the high frequency of gymnosperms, and the generally poor state of preservation indicate 
increased marine influence compared with the C 1 unit. 

Unit C3 

The bisaccate gymnospermpollen are dominant as in the C, unit but Quadraeculina anellaeformis 
Maljavkina sensu Schulz 1967 are probably not present. Osmundacean pollen (Osmundacidites, 
Bacu!atisporites, Todisp.) show increasing numbers. Occurrence of Ceratosporites spinosus Schulz 
1967 and Neoraistrickia truncata (Cookson 1953) Schulz 1967. 

The microplankton shows increasing diversity. Among the new forms are Nannoceratopsis gra­
cilis (Alberti 1961) Evitt 1962 and several acritarchs. 

Two megaspore species occur in ditch sample 2028-2034 m: Horst isporites planatus Marcinkie­
wicz 1971 and Hughesisporites pustulatus Marcinkiewicz 1962. 
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Unit C4 

There is a distinctive decrease in the percentage of bisaccate pollen in comparison with the units C, 

- C 3 indicating an important change of the environments to more shallow conditions. In the lower 

sample Deltoidispora spp. , Chasmatosporites spp. and Cerebropollenites mesozoicus show high fre ­

quencies whereas Sphaeripollenites spp. are extremely abundant in the upper sample. Stratigraphi­

cally important is the regular presence of lsochyosporites variegatus (Couper 1958) Schulz I 96 7 

and of Converrucosisporites rariverrucatus (Danze-Corsin & Laveine 1963) = Tri/ites minutus Mai 
in Schulz ( I 967). 

The microplankton is made up by Tasmanitids and Nannoceratopsis gracilis, the latter being 

common in the lower sample. 

Unit D 
The assemblage is composed of numerous Perinopollenites e/atoides, a moderate number of bisac­

cate pollen grains, and in comparison with the C 4 unit a number of new important species. These 

are Foveosporites multifoveolatus Doring 1965, Matonisporites crassiangulatus (Balme 1957) 

Levet-Carette I 964, Neoraistrickia gristhorpensis (Couper I 958) Tralau 1968, Staplinispora cf. 

caminus (Balme 1957) Pocock 1962, Leptolepidites major Couper 1958, Cal/ialasporites trilobatus 
(Balme 1957) Dev 1961 , C. turbatus (Balme 1957) Schulz 1967, a.o. 

No microplankton is present. 

In the Danish Subbasin similar assemblages have been found by the author in part of the Hald­

ager Formation in the Haldager No. I borehole. They indicate shallow, probably deltaic conditions 

and seem to derive from the lignite-bearing sandy member at ea. 1920 m below KB. 

Unit E 
Cicatricosisporites spp. are present but not common, thus indicating that the assamblages are not 

older than the uppermost Upper Jurassic. Microplankton is represented by a rather variated as­

semblage especially in the uppermost sample. 

Conclusions 
The biostratigraphical results of the investigation can be summarized as below: 

Unit E I 810-1840 m Upper Jurassic/Lower Cretaceous 

Unit D I 896- 1902 m Middle Jurassic 

Lower Jurassic, Toarcian 

Lower Jurassic, Pliensbachian 

Lower Jurassic 

Lower Jurassic, Hettangian/ L. Sinemurian 

Upper Triassic, Middle Rhaetian 

UnitC4 

UnitC 3 

Unit C 2 

Unit C, 

Unit B 

Unit A 

1951-1970 m 

2005-2060m 

2150-2270 m 

2325-2352.5 m 

2445 .5-2460 m 

2556-?2610 m Upper Triassic, Upper Norian/ Lower Rhaetian 

Dansk sammendrag 

Na:rva:rende rapport giver en kortfattet oversigt over den litho- og biostratigrafiske inddeling af 

jura lagserien i de to boringer Hobro nr. I og Voldum nr. I. Boringerne blev udfort i henho ldsv is 

juni-juli og marts -april 1974 og er dermed fem ar gamle og nu frigivne for publ ikation. 

Der gives en kort beskrivelse af de lithostratigrafiske karakterer i de to serier i relation til definiti -
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on og beskri ve lse givet i Michelsen ( 1978). Den lithostratigrafiske inddeling fin des i ta bell en p. 143. 

og den er sammen med lithologisk karakteristik og biostratigrafisk inddeling gengivet i pl. 4. 

Lagserien i de to boringer er i store trrek udviklet typisk i forhold til den centrale del af Det danske 

Subbassi n. Member F-11 (Fjerritslev Formationen), der formodes at vrere marin lavtvandsdannelse, 

og Haldager Formationen og Frederikshavn Member, der reprresenterer regressive faser. afviger pa 

karakteristisk made fra deres udformning central! og nordligt i bassinet og danner dermed over­

gangstyper tit karaktererne i den syd li ge og syd0stli ge de!. 
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K (Klinglerello) multicostoto 
K (Klinglerello) vulgoris 
Cristocythere betzi 
Polycope cerosio 
Progonoideo ret ,culo to 
Ogmoconcho hogenowi 
N ( Goniocythere) porocosto to 
Pseudomocrocypris subtrionguloris 
Ogmoconchello ospinoto 
K (Kl,nglerello) medioreticuloto 
Pseudoheold ,a nosuto 
lsobythocypr,s off. elongate 
·N (Goniocythere) elegans 
N (Goniocythere) circumcostoto 
Rhoet,c ostrocods 

STAGE 

a~ SERIES/ SYSTEM ill -
- · <1) 

' :r: 0 
~ 0 
11) OJ 7 

'- :::0 C 
0 0 

1/l z '!' . 
n 0 
0 
~ 
0 0 
n G> 
0 C: Q. 
1/l 

~ 11) 

~ z 
7 0 
r::; 
C U1 

0 
:--J 
w :, 
CD 

n ~ 
J 
0 
;:! 

G) 
<1) 

9. 
0 

I> "' C 

" "' 0 

<D 
1/l _., 

" C 

< 
9 "' '< e, g_ 
:;:: 

0 
ii <1) 
::, :, 

~ 3 
"' 0 
<1) ;. :, 



"Cl 
PJ 

" a,, 

/ 
N 
CJ) 

g 
N 
(Jl 

0 
0 

N ,._ 
0 
0 

N 
w 
0 
0 

N 
N 
0 
0 

N 

0 
0 

N 
0 
0 
0 

<D 
0 
0 

~I METRES BELOW K B 
0 

~I ~ f iTI /4 r-1 i i i 

~j=l~===~--1 gl-t= 1± --1 -t1- ---f 
'R •• '.!: + +t- :,r== -+ + - ± - !... - - - -

oi ~i--- -: :---=-: -~-+ _+ - + - -= --= + 
- 3 <:>__ - ---- + +t- ---+ + + + to- -- + +t-- o__ +_ -rr-_ 00 --

[ti-=t1== 1~Jli 
+ + + +_ =--=r==- _ + _ o. 

+ <1> 
--- 0. 

-------- ~ -----~- n 

,___c,___ 0 

0 0 

0 

~ - 00 

0 

_-l:_ 
+ 

+ _ _ + + -l:_ ±__ _ • + ::r 
---- p 

---- -- "' "' - - --- --- - -- - - - ----- ______________ ,. 
-------:~*~·.,.----◊ + + + : ! : : ! ! + + • ! ~ 

+ --=======-- + + + ---- + + _ +____ _ _____ £ 
++ 0 + + + + + + + ++ ++ + <1> 

+ + ' + + + - - -- + + + + + ---.- "-- + + - - + -- - + - + + - + + - + + + + • + 3 

+ + --- ---- --------------- ------------ - ---- -- + • 0 ---+ + - - + + + + + + + + ~ 
0 ~ - - - + 0 + + + + + . + --=--=--=--=-=-=-=-=----- - ---+- --- - _______ '; ff-~--= 1- ::- - + ±__ ---+ =-:::±=- - + ---: ---- __;---i - L _+~ -= _____ -; 

. + o + ~ + _______ _ + + __________ o 
-------+-+ + • ~ 

+ + + + + ++ + g - -------=1 1± - 0 + - + + - - --- ---- + + - ~ 
+ ____ _ _______ => 

1----

p 
---- - - - - - --- ---- :, 

------ - - ------- - - - -- ______ o. ~ - - - - - - --+- - + --- + + + + --- --- ~ 
- - ---- - ----I - 0 

+ 

- -- ---------- - -----~~-=---_-_-_-_-_-_::_-::_-::_-::_-::_-::_-~ ---- ____ n w; -1e~--f ~=- ~~ -~ --_=:--- : ~-=.= -= = -_--= -=-= j 
1----
f------- -- - -

~ 

I----- -

00 

1---1- - - - • _ + 
1--------1- + ~ + --~ - - - - - + ---- - -- - - ---1 

t:=- -

f----

1--- - -----l-t--

I-- --+-+-
I---

1------+-+--

0 -----

0 

,-◊~---

I--+---++-

I-I--

0 • + 
000 
n n n 
n n n 

~ ~ ~ 
<1> <1> <1> 
::, ::, ::, 
n n n 
<1> <1> <1> 

s· :;· :J 
Q_ Q_ "' ~;..· a.. 
n n ,. 
::r ::r li 
Vl Vl 0 
0 0 = 
3 3 n 
'OU O m tn ~ 
n n 
0 0 
::, ::, 

"'"' Q_ Q_ 

~ ~ 
<1> <1> 
Q_ Q_ 

Q_ u 
C 7 

<1> 3 
- D 0 7 

n '< 
D 
< 
::, 

lO 

+ 
+ 

~~t + + . : + . - + ~=r+t=~~4=i~~d; =-=~~:~= ~· -- + 
+ 7 

-,-

-------1 
-- ~ - -----

1--t--t-+---- --+-

ttl I r::...1--=-I-
- - -- -+-----+- + ------

+ 

--• --+- ---1-- ---- - -1 + - --- -~----a 
--t- + 

+ 

- -+- - -=1----=1 ~ t=t - t= ~ j- ---=J=3-=Ft-: - .-- ---I -- - - - -- +- - __ ,_ - - ----

--- - • -- -+---I - -- I---+- - -I- -- - 1 + 
+ 

1-1- - --+-- - 1---1 ---+- - 1----- 1----- - ------ +-- ---+- -+-- -l-----l-
-- 1--11 --- - -1-

1---+--t 1------+- - - - 1-- - -t- __j_ --'- -
1-- - H 1---- --+- - - ---1-- - I- - -- .+- - --+-- ---l-- 1-- -

1-- --1----l - +-- - - t- - t- - 1-
I-- I -1- -+ -I-

- - - I- - - ----- -t- --
1--- 1--1 I-----,__ _ __ _,__ ---< - 1--- ---'----I - - - -+-------- -

--I-

• 
• 
• 

- -~ + 
• 
• 
• 

+ 

' "Ed 11 I Ji I 110-f-± :_; 
- 1--____ ,__ 

f----
+-- + , -

- --- -- ....,__ ......__ _ _i__ _ __ _t__ L_ I, __ ~ ----'------ ----'--- - ------'- __ .,,___--'---- - ~ -~ 

J ~~ I;;;~ I I I I 
~ - WN -- - ~ __. - - -' --- -- --

..., 0 r,.. ...... ~ ~wco N m o .r- (Jl [ 

,9 __ Ot.n ___ 0 0_1;;?! a> U1 0 ____ O en _ _ _ O _ ___L11_ 0 
N 
u, 

0 

" - - --
@ :::::w 
~ __ en_ £_ 

::; NO) 

~ ___cn_c,>_ 

~ ~ I 1----=-- --

0 ~~ L__ __ I_J I I _ N ___ ____ _ 

:::.r-~ ~ ~ ~ 
(Jl (Jl~ ~ - _Q_~ 
o(Jl~ ....J 

------""'= Oc,;~ (D 

,:: 
0 

..., 
u, 

..., 
0 

w 
0 

" 0 "' 
0 "' 

N 

0 
<D 

- "'--
N 

" 0 

N 

0 

N 

_ <J' 

N IN "I~ :--J (!) N _, +' N I " 
I ~ o o 8 o U1 u, -~-o __ S'___ _ "' _____ - ----"" 

~ 11 I I~ I I I I :; I I 
I ::::: :::: ---- ---- - ----

- II _ ;;1 8 _~ I ;;; __ 1 __ _ 1 __ ~ _ Cl) 

gJ -
0 11 l~I t; ; ~ ~ ; 

Cl) 

0 

"' 0 

Cl) 

0 
w 
u, 

w 
u, 

a, 
a, 

a, 
0 

" <D 
u, 

a, 
u, 

N a, 
0 <J' 

w ~ - ------ - 1 
.r,. N U'I CD 

__ o __ cn _ __ ~ CD ____ _ 

N 
N - N $'-

0 __ o _ ~ ___ Ul 

" 0 
"' 0 
N " 

- - -- ------! 

~ 
<D 

::: 
U,O) 

QU, 
~ O) ~ ~ ~ w t!! ~ ~ ~ ~ 'f. 

____ o o 8_ l' o U1 U1 U1 (Jl lfl o __ o_ 

N 
u, 

0 

" "' 
a, 
0 I I I -·- -~-~--
'f. t' N a) 

"' "' 0 --~"'---- --

o___i'.? __ _ w ~ I I ...., N N (...) 0) 0 

(J1 (J1 U'I O (J1 (J1 s 
~ 

u, OiD - (D CD§--~-- - - - --....,- -' ...., N . -' N _. .... _, N 

N .t- CO ~ W O U1 0 CJ:l ....J _ _. lfl 
-'-" "'"' 

cc-]_ -
0 

1-- -

f---- -

~ -

I--

N 
CJ) 

0 
0 

I I I 

Gl 
Upper 

N 
(Jl 
0 
0 

<.Jl Q ~ co 

l l __ l 
+ + 0 
+ - -

+* 

r 17 

OJ 

0 

0 

N ,._ 
g I.J 

I 
• 

Triassic 

l L __ l~!_J ___ J ____ J 11 11 1 -1= 
+ - + _ + __ + __ +_ + + + + + ____ +~ 

+ 
+ 
+ 

0 

+ 

+ 

N 
w 
0 
0 

+ 

+ 
+ 

+ + 
+ 

+ 
+ 

+ 

0 
N 

N 
N 
0 
0 

+ 

N 

~ ~ 

0 

0 

Lower Jurassic 

+ 

/.I 

l 
• 
• 

0 
w 

--- ___ +~ 
+ ______ +~ 

------- -

---- ---- -- -

+ 
+ 
+ 
+ 

- -----1 

- --- --- - 1 

_+ _____ _ -
-- - --+ + 

N 
0 
0 
0 

, , 
<D 

~ r.r.:r.i ~g 
a, 
0 
0 

1- -
• 

0 
.r--

• • 
•• 

• 

0 rri 

Middle I Upper ?Lower 

Jurassic Jurassic Cretac. 

SAMPLES STUDIED : • 51 DEWALL CORE 
• DITCH SAMPLE 

MIOSPORES 
Gronuloperculot ipollis rudis 
Ovolipollis ovolis 
Corollino meyeriono 
Clossopollis torosus 
Ricciisporites tuberculotus 
Limbosporites lundblodii 
Rhoetipollis germonicus 
Deltoidisporo spp 
Anopiculotisporites sp. 
Uvaesporites sp 
Perinopollenites elatoides 
Lycopodi umsporites oustroclovot idi tes 
Lycopodi umsporites sp. (SI 572 SM) 
Chosmatospontes spp 
Cerebropollenites mesozoicus 
Aroucoriocites oustrolis 
Monosulcites spp. 
Sphaeri polleni tes subscabrotus 
Ouadroeculino anelloelormis 
Colomosporo spp. 
Boculat ispor ites comoumens,s 
Cycodopites nitidus 
Anemiidites cl. echinotus 
Eucommiid it es spp_ 
Contignisporites problemat,cus 
Hel iosporites altmorkensis 
Anopiculatispor i tes cl . spiniger 
Lycopodiacidites inlrogronulatus 
Sterei sporit es spp . 
Osmundocidites wellmanii 
Zebrospor ites in terser i ptus 
Densosporites sp. 
Uvoespor ites orgentoelormis 
Foraminisporis jurassicus 
Trochysporites spp. 
Lycosporo sea lebrosa 
Todispor ites spp_ 
Semiret isporis reticulotus 
Gle,cheniidit es sp. 
Cerebropollen ites thiergort ii 
Densoisporites velatus 
Maton ispor i tes equiexinus 
Lycopodiumsporites semimuris 
Lycopodiocid i tes rugulotus 
Naioditospora cl . anglico 
Convolutisporo cl . klukilormo 
Gleicheniidites cf _ senonicus 
Stereisporites ant iquaspor i tes 
Ceratosporites spinosus 
Plotyptera tril inguo 
Concavispor ites cl. gronulos~s 
Densoispor ites sp 
Stereispor ites psilatus 
Neoroistrickio truncate 
L ycopodiumsporites neoret iculoides 
Verrucosisporites spp 
Lyc opodiumspori tes pan iculo to ides 
Converrucosisporites voriverruco tus 
Morottisporites scabro tus 
Undulolisporites sp. 
lschyosporites vor iegatus 
Foveo~porites multiloveolatum 
Matonisporites crassiongulotus 
Neoroistrickia gristhorpensis 
Tril i tes cl. perverrucatus 
Stop lin·,sporo cl co minus ( SI 720 SM) 
Pteruchipollenites microsoccus (SI 722 SM) 
Colliolosporites trilobolus 
Co Ilia losporites turbot us 
Leptolepidiles maJor 
Densoisporites sp. (SI 708SM) 
Verrucosisporites sp. 
lschyosporites pseudoreticulotus 
Cicotricosisporites spp_ 
Uvoesporites sp. 
Converrucosisporites sp_ 

DISTRIBUTION OF SELECTED TAXA ('lo) 

Gronuloperculotipollis rudis 

Corollino / Clossopollis group 

Ricci ispor :tes tuberculotus 

Deltoidisporo / Trochysporites group 

Per inopollen it es elotoides 

Chasmatospor, tes spp . ( C. major - C. a pert us) 

Cerebropol len ites mesozoicus 

Sphoeripollenites subscobrotus 

Osmundoceoe (O .wellmanii -B.comoumensis­

Bisoccote pollen groins 

Ouodroeculino onellaelormis 

Vario 

M ICROPLANKTON 

Tasmonitids 
Dinollagellate cysts inderterm. 
Michrystidium spp 
Leiolusa juross,ca 
lncertae sed is 
Veryhochium cl. l ormosum 
Michrystid,um fragile 
Michrystidi um lymensis 
Cymatiosphoera spp. 
cl. Dapcod,nium 
Compenio g igos 

Todisporites) 

Bal t isphoeridium infulolum vor macroinlula tum 
Michrystidium cl . wattonensis 
Hystrichosphoeridium sp 
Baltisphoeridium cl. delicatum 
Veryhochium dualispinum 
Nonnoceratopsis gracilis 

SAMPLES WITH MEGASPORES 

MEGASPORES 
Nathorstisporites hopliticus 
Horst isporites piano t us 
Hughes ispori tes pustulotus 
Unidentif,ed megaspore spp_ 
Horst,sporiles areololus 
Horst ,spori tes harr i si 
Minerisporites r, cho rdson, 
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