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ABSTRACT

Upper Jurassic sediments of the Angelholm Trough, NW Sca-
nia, southern Sweden, represent a remnant of deposits once
laid down in a large sedimentary depression at the margin of the
Fennoscandian Shield. The deposits, which have been differen-
tially eroded in connection with Kimmerian block faulting and
Late Cretaceous-Cainozoic movements are described and inves-
tigated litho- and biostratigraphically. Upper Jurassic litho-
stratigraphical units (members of the Annero Formation) which
have been identified in this investigation in NW Scania are the
Fortuna Marl (Upper Bathonian - Oxfordian), the Fyledal Clay
(Oxfordian - Kimmeridgian), the Nytorp Sand (Kimmeridgian -
Portlandian) and the Vitabick Clays (Portlandian - basal Creta-
ceous). Two boreholes, Astorp No. 20 and Karindal No. 1 have
been examined in detail. The microfloras (83 palynomorph spe-
cies) and faunas (31 foraminiferal species) have been document-
ed and the former have been illustrated with scanning electron

micrographs. From the known stratigraphical ranges of the pa-
lynomorphs and foraminifers found it is possible to date differ-
ent intervals of the examined cores as representing late Middle
Jurassic to late Late Jurassic. The foraminiferal fauna also
shows that the Upper Jurassic deposits in one of the boreholes,
Karindal No. 1, rest on Liassic (Pliensbachian) uplift. Compari-
son of the Swedish microfossils has been made with other rele-
vant palynofloras and foraminiferal faunas. Reworked spores of
Carboniferous age have also been recorded both at Karindal and
at Astorp. Interpretations have been made concerning the pa-
laeoenvironment, sedimentary deposition and organic matura-
tion of the investigated sediments.

KEY WORDS: Upper Jurassic, lithostratigraphy, biostratigra-
phy, palynomorphs, foraminifers, Sweden.
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Introduction

On the Swedish mainland, Upper Jurassic deposits are
known from Scania, the southernmost province (Fig. 1).
Outcrops of Upper Jurassic strata are found at one locality
only i.e. at Eriksdal in the Vomb Trough (Fig. 2). Subsur-
face studies (borehole geology and geophysics) have shown,
however, that Upper Jurassic sediments, beneath a cover of
Quaternary, Paleogene and Cretaceous deposits have a fairly
wide distribution in Scania (Fig. 2). Concerning some parts
of Scania, the knowledge of Upper Jurassic geology is fairly
new (Norling, 1981).

In connection with survey mapping in NW Scania (sheet
3B Hogands NO/3C Helsingborg NV), investigation of
samples from boreholes drilled for water supply in the
Angelholm Trough (at Kvidinge, Vallarod, and Astorp, Fig.
3) revealed the presence of Upper Jurassic rocks (Norling
1981). Before this discovery Upper Jurassic deposits were
unknown in this area. The youngest pre-Quaternary deposits
previously known from NW Scania (apart from the Bastad
Basin) were of Middle Jurassic age (Guy 1971).

To receive more complete documentation than had result-
ed from the water drillings mentioned above, the Geological
Survey of Sweden (SGU) financed a core-drilling, which
was located to Karindal (Fig. 3). The Karindal No. 1 bore-
hole was drilled in 1977 by TGB (Tung Geoteknisk Borr-
ning, Gothenburg) to a depth of 206 m and penetrated al-
most 90 m of Upper Jurassic strata with a fairly good core
recovery, except for completely uncemented parts of the se-
quence.

The main aim of this investigation is to improve the
knowledge of Upper Jurassic litho- and biostratigraphy
within the border zone between two geological regimes: the
East European Platform and the NW European area of subsi-
dence (including the North Sea and adjacent land masses). It
is also hoped to improve the understanding of structurally
rather complicated subsurface geology of the Angelholm
Trough in NW Scania. This is not of local interest only.
The trough contains a remnant of Upper Jurassic deposits,
once laid down in a fairly vast sedimentary depression at the
margin of the Fennoscandian Shield. The deposits have been
differentially eroded in connection with Kimmerian block-
faulting and late Cretaceous - Cainozoic movements.

The palynological investigation aims to document and
determine the palynomorphs found and thereafter biostrati-
graphically confirm and, if possible, narrow the age determi-
nations of the examined intervals.

Previous foraminiferal studies of Upper Jurassic strata in
Scania (Norling 1970, 1972, 1981) have shown that the
content of foraminifers in these deposits is usually fairly
meagre. They do occur, however, seemingly in varying fre-
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quencies in different parts of the province. The aim of the
present foraminiferal study is to document the fauna ob-
tained and use it, if possible, to complement the biostrati-
graphical and palaeoecological conclusions of the palyno-
logical investigation.

MATERIAL AND METHODS

Thirteen samples from the interval 90-152 m of the Karin-
dal borehole No. 1 and twenty-one samples from the cored
interval 160.58-169.09 m of the Astorp borehole No. 20
were selected for palynological investigation. The exact
depths at which the samples were taken are to be found in
Fig. 8.

The samples were prepared partly using standard palyno-
logical techniques (Midler, 1964) and partly using a some-
what adapted version involving ultrasonic cleaning. Slides
were prepared for examination in the light microscope and
so called strew stubs for routine control in the scanning
electron microscope (SEM).

For foraminiferal analyses thirty-two samples were se-
lected from the Karindal borehole No. 1, 90.0-204.5 m in-
terval of core drilling. The Astorp borehole No. 20 was
drilled with a cable tool method down to a depth of 160.1
m, and only the deepest part of the sequence penetrated,
160.1-169.3 m, was actually cored. From the interval 88—
160 m seven ditch samples were selected, and thirteen core
samples from the interval 160.1-169.3 m for the foramini-
feral investigation.

The foraminiferal samples were disaggregated by washing
and dry sieving using a standard micropalaeontological tech-
nique (Brasier, 1979). The dried residues were then scanned
on a picking tray, and the foraminifers were separated from
the mineral grains and placed in cells for examination in the
light microscope.

The boring core is the property of SGU, but the illustrat-
ed specimens are kept for reference at the Section of Palaco-
botany, Swedish Museum of Natural History, Stockholm.

GEOLOGICAL SETTING

The Upper Jurassic of Scania, subdivided into four litho-
stratigraphical units (regionally correlative over fairly vast
areas), is preserved in several downfaulted blocks. Original-
ly, the Upper Jurassic sediments of Scania were mainly de-
posited in one and the same depression, as indicated by lith-
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PRESENT DISTRIBUTION OF THE UPPER JURASSIC IN SCANIA, SWEDEN

VITABACK CLAYS (PORTLANDIAN-L.CRETACEOQUS)
NYTORP SAND (KIMMERIDGIAN-PORTLANDIAN)
FYLEDAL CLAY (OXFORDIAN~-KIMMERIDGIAN)
FORTUNA MARL (TOP BATHONIAN-OXFQRDIAN)
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material into the Jurassic Angelholm Trough
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Fig. 2. Upper Jurassic geology of Scania, Sweden. Present distribution of sedimentary rocks.

ological similarities between sections now isolated from
each other. Parts of this depression continued to subside dur-
ing the Cretaceous. During Late Santonian/Campanian
time, however, an inversion process started as a consequence
of compressional deformation (Norling & Bergstrom 1987),
a process which continued during the Cainozoic. Transgrad-
ed areas became land and previously deeply submerged de-
posits were subjected to erosion. Inversion is a structural
process whereby a basin becomes a structural high, or a
high becomes a basin, the key principle being that of recur-
rent vertical movements. Inverted structures may range in
width from several kilometres to tens or hundreds of kilo-
metres. Examples at relatively small scales are observed
near transcurrent faults, and have been attributed to alternat-
ing compression-tension accompanying changes in sense of
motion of these faults (Grant 1987). Inverted structures are
also reported where transcurrent faulting is absent. In the
North Sea and Eurasia, inversion is attributed to plate colli-
sion (Ziegler 1981, 1987; Sengor 1984), although the colli-
sion front may be distant.

6

The Upper Jurassic of NW Scania is preserved in a down-
faulted area named the Angelholm Trough, located to the
northeastern margin of an inverted tectonic block traversing
Scania from NW to SE (Figs. 2 and 3). Along the south-
western margin too, of the same tectonic block, Upper Ju-
rassic beds are preserved. In the Fyle Valley of the Vomb-
Trough (north of Ystad) and further towards the west, in the
flexure-fault zone forming the boundary between the Fen-
noscandian Border Zone and the Danish Embayment, Upper
Jurassic strata occur beneath the Quatemary cover (Fig. 2).

Geological and geophysical surveys in connection with
coal and fire-clay prospecting by the Hoganids Company
(HB), and recent mapping and hydrocarbon exploration by
SGU and OPAB (Oljeprospektering AB, Stockholm) respec-
tively, have resulted in a considerable amount of subsurface
data from the Angelholm Trough. The geological and geo-
physical missions carried out include gravity and airborne
geomagnetic surveys, refraction and reflection seismic pro-
filing by Compagnie General De Geophysique (CGG) on
behalf of OPAB, and bore-hole geology published by Bélau
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UPPER JURASSIC, NW SCANIA
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Fig. 4. Four borehole sequences in the Upper Jurassic of the Angelholm Trough, NW Scania. Oblique line ornament in the lithological columns indi-

cates multicoloured strata.

(1959), Guy (1971), Guy-Ohlson (1985), Guy-Ohlson &
Malmquist (1985), Norling (1972, 1978, 1981), and Wik-
man & Sivhed (1985).

The Angelholm Trough is a shallow graben hardly ex-
ceeding 600 m in depth. Beneath a fairly thick Quaternary
overburden (mainly 50-90 m), the prevailing surface rocks
in the central and western parts of the trough are of Middle
Jurassic age, whereas Upper Jurassic deposits form the rock
surface in its eastern part (Fig. 3). On its southwestern side,
the Angelholm Trough is bounded by Precambrian crystal-
line rocks with Permo-Carboniferous dolerite dikes (Soderas
Horst), a minor Upper Triassic uplift, and a narrow rib of
Hettangian rocks extending towards the northwest into the
Skilderviken Bay of Kattegatt (Fig. 3). To the north and
east the Angelholm Trough is bounded by rather thin Rhae-
tian - Lower Jurassic deposits (usually < 75 m) beneath a
thick Quaternay cover (up to 110 m have been recorded). In
the few bore-holes which have reached the basement north
and east of the trough, Rhaetian sediments rest on deeply
weathered Precambrian crystalline rocks.

Generally speaking, the NW-SE trending Angelholm
Trough is located to a narrow down-faulted zone in between
two major tectonic blocks, traversing the whole of Scania,
blocks which have been affected by strong inversion move-
ments (uplifts) (Fig. 2). As mentioned above, these uplifts
were initiated during late Santonian/Campanian times. The
Angelholm Trough, however, was repeatedly affected by
movements much earlier, during the Kimmerian tectogene-
sis (Rhaetian - Early Cretaceous). This is indicated by the
varying stratigraphical representation in different boreholes
within the trough. Local differential movements have caused
erosion (and non-sedimentation) during Sinemurian, Middle
and Late Jurassic times in the trough. In its centre (Fig. 3),
there is an uplift where Lower Jurassic deposits form an is-
land surrounded by Middle and Upper Jurassic rocks. As in-
dicated by the biostratigraphical investigation of the Karin-
dal borehole, in combination with interpretation of seismic
profiles (Figs. 4, 5) parts of the Lower Jurassic and the
Middle Jurassic sequences are eroded in the north-eastern
central part of the trough, where the Upper Jurassic forms
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the rock surface. At Karindal Upper Jurassic strata (Oxfordi-
an - Portlandian) rest directly on Lower Jurassic deposits
(Pliensbachian) (Figs. 5, 6).

LITHOSTRATIGRAPHY

The Upper Jurassic deposits of NW Scania are lithostrati-
grahically correlative with units known from other parts of
the province. The Fortuna Marl (in its type section ranging
from the Upper Bathonian to the Oxfordian), the Fyledal
Clay (Oxfordian - Kimmeridgian), the Nytorp Sand (Kim-
meridgian - Portlandian), and the Vitabick Clays (Portlandi-
an - basal Cretaceous) have been identified (Norling 1972,
1981).

Fortuna Marl

Strata referrable to this member have been recorded from one
borehole only in SW Scania, viz. Astorp No. 20 (Figs. 3,
4, 7). Beneath the characteristic and easily recognized Fyle-
dal Clay with its multicoloured clays and claystones, a 9 m
thick mainly marine sequence follows in this borehole,
which briefly can be described as follows. For comparison,
a lithological characterisation of the type section of the For-
tuna Marl is also given:

/istorp No. 4
160.3-169.1 m (8.8 m)

Fortuna Marl, type section

Rydeback - Fortuna No. 5
135.2-161.3 m (core length)

Clay, sandstone, calcareous 26.1 m of steeply dipping

siltstone (marl) and shale inter-
bedded, grey, brown and black.
Arenaceos foraminifers domin-
ating in the upper part of the se-
quence, calcareous foraminifers
at several levels throughout the

strata. Estimated actual thick-
ness: 9.7 m). Claystone,
partly silty and calcareous,
dark-grey and brown with thin
layers of ferruginous claystone
and silty limestone. Conglo-

sequence, dominating in the
lower part.

merate at 160.1 m. The sequence
contains calcareous foraminifers
(dominating), and arenaceous
forms as well.

The foraminiferal fauna of the Fortuna Marl at Astorp,
and its biostratigraphical bearing is treated in page 18.
Dominantly marine strata in Fortuna Marl facies are known
from boreholes in western Scania (Rydebick-Fortuna No.
5), southern Scania (Hammarl6v-1, Haslov-1, Hollviksnis-
1 and Kungstorp-1), and from offshore wells drilled SE of
Scania (Hano Bay 104/13-1 and 104/14-2). The occurrences
are documented in Fig. 2 (see also Norling 1981).

Fyledal Clay

The term Fyledal Clay was introduced by Christensen
(1969, p. 8). This member is defined and described by Nor-
ling (1972, 1981). In NW Scania, the Fyledal Clay is repre-
sented by green, greenish blue and grey-brown to iron
brown, greasy clays and claystone with a varying content of
silt. Its thickness in NW Scania, according to available data,
varies between 16 m and 31 m (Kvidinge, 16 m; Astorp, 25
m; Vallardd, 28 m, and Karindal, 31 m, see Fig. 4). A re-
newed study of the lithology of the boreholes in question
has resulted in a correction of the Fyledal Clay thickness in
Vallarod 3C NV:29. The thickness 80 m given by Norling
(1981, p. 255) and by Norling & Bergstrém (1987, p. 13)
is not correct. 28 m only can be referred to the Fyledal Clay
with certainty.

The Fyledal Clay has yielded a rather poor fauna of main-
ly arenaceous foraminifers in material from Karindal and
Astorp. Its stratigraphical significance will be discussed at
some length later. An interpretation of the environments
forming the Fyledal Clay will be given in page 21.

Apart from NW Scania, Upper Jurassic strata in Fyledal
Clay facies are known from Eriksdal in south Scania (Chris-
tensen 1968; Norling 1972, 1981), and from western Scania
(Hilleshog-1, Rydeback-Fortuna-5), which was reported by
Oertli, Brotzen & Bartenstein (1961) and Norling (1970,
1972, 1981).

Nytorp Sand

In NW Scania, the Nytorp Sand of Kimmeridgian — Port-
landian age (Norling 1972, 1981) has been recorded from the
same boreholes as the Fyledal Clay, that is from Karindal,
Vallarod, Kvidinge, and Astorp (Figs. 3, 4).

The Nytorp Sand is characterised by whitish, greyish and
brownish (ferruginous), partly clayey, coarse and fine-
grained sandstones, uncemented sand, silt and siltstones in-
terbedded. Its thickness is fairly constant from one borehole
to the other: 26 m, 27 m, 28 m, and 25 m in Karindal-1,
Vallaréd, Kvidinge, and the Astorp boreholes respectively.
The type Nytorp Sand in Rydebick-Fortuna No. 5 has a
thickness of 35.7 m, a figure which should be reduced con-
siderably to represent the actual thickness, since the layers
are steeply dipping. From Eriksdal in south Scania a thick-
ness of c. 18 m of beds corresponding to the Nytorp Sand
has been reported (Christensen 1968).
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Vitabiack Clays

From the same four boreholes which have penetrated the
Fyledal Clay and the Nytorp Sand, the Vitaback Clays have
also been recorded (Fig. 4).

The Vitabdck Clays in NW Scania vary in thickness be-
tween 31 m and 47 m. It should be noted , however, that
these strata are truncated by Quaternary glacial deposits.
Thus the figures given do not necessarily represent primary
thicknesses. In its type area the Vitabiack Clays Member has
a thickness of 70 m according to Christensen (1968).
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PALYNOSTRATIGRAPHY
The palynomorph content

The investigated samples from both boreholes contained
well preserved palynomorphs, mainly pollen grains and
spores, though certain other species representing dinoflagel-
lates, acritarchs and other organic-walled microalgae were
also found. At Astorp 49 species were recorded and at Karin-
dal 66 species. A complete list of the species recorded is to
be found in Fig. 8. Their known published stratigraphical
ranges are also recorded there along with the number of indi-
viduals per species found during the light microscope slide
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examination for each sample. Of the 83 species listed in
Appendix I, 35 species were found both at Astorp and Ka-
rindal, 17 species only at Astorp and 31 species only at Ka-
rindal.

Many pollen grains and spores have relatively long strati-
graphical ranges often spanning e.g. several ammonite bio-
zones. In the absence of palynomorphs with narrow, well-
defined stratigraphical ranges it is necessary to examine the
whole palynomorph assemblage. It is the incoming and out-
going of taxa and the changes within certain groups which
enable the establishment of assemblage biozones based on
the palynomorphs found present.

From the total palynomorph content it is possible to or-
der, generally speaking, the species present into 4 different
groups according to their known stratigraphical ranges: (i)
palynomorphs with their known stratigraphical ranges in
the Lower and Middle Jurassic sediments, but terminating at
the top of the Middle Jurassic or the very base of the Upper
Jurassic, (ii) palynomorphs with long stratigraphical ranges
through the whole of the Jurassic, (iii) palynomorphs with
stratigraphical ranges extending from the Middle Jurassic
through the Upper Jurassic, even extending in some cases
into the Cretaceous and (iv) palynomorphs confined in strat-
igraphical range almost exclusively to upper Middle Jurassic
- Upper Jurassic sediments. The individual numbers found
for each species reflect what would be expected for a palyno-
flora of late Jurassic age. Small number of individuals are
found for the first group and much greater for the second
group. Somewhat less, but still considerably greater than
that of the first group, is found for the third group and for
the last group only a few individuals with a rather narrow
stratigraphical range.

Karindal

From closer examination of Fig. 8 it is also possible to ob-
serve the following points for the Karindal borehole. (a)
Several palynomorphs are distributed throughout the whole
sample interval examined, e.g. Callialasporites dampieri,
Araucariacites australis, Botryococcus sp., Cerebropollen-
ites mesozoicus, Classopollis classoides and Cyathidites
australis. These palynomorphs belong to the second strati-
graphical group, i.e. the long-ranging. These vary in repre-
sentation throughout the sample interval. (b) Certain spe-
cies are restricted to the uppermost part of the interval
examined, e.g. Callialasporites segmentus, Leptolepidites
major, Leptolepidites rotundus, Stereisporites antiquaspor-
ites, Leptolepidites crassibalteus, Dictyophyllidites equiexi-
nus and Coronatispora valdensis. (c) Some species are
found only in the middle part of the interval, e.g. Lycopo-
diacidites rugulatus, Callialasporites trilobatus and Lepto-
lepidites equatibissus. (d) The bottom part of the interval is

also characterised in the same way e.g. by Cycadopites de-
terius.

These observed groupings suggest the presence of 3 dif-
ferent assemblages and an interval devoid of palynomorphs.
Zone A from 151.71-149.81 m, zone B from 147.95-
146.60 m, an interval zone from 146.32-140.32 m and
zone C from 113.92-90.12 m. The palynomorphs compris-
ing the different assemblage groups belong to different strat-
igraphical groups. Examining the palynomorph constituents
of each zone in the light of their known stratigraphical rang-
es (Fig. 8) certain points may be noted. Zone A and Zone B
are very similar in number of species and number of individ-
uals per species being characterised by Alisporites robus-
tus, Araucariacites australis, Cerebropollenites mesozoicus,
Classopollis classoides and Cyathidites australis. The pres-
ence in Zone A, however, of Cycadopites deterius distin-
guishes it from Zone B. The interval zone between Zone B
and C is barren. The presence in large numbers of Araucari-
acites australis in Zone C contrasts greatly with Zone A and
B. The assemblage in Zone C is otherwise characterised by
the presence of Alisporites robustus, Callialasporites dam-
pieri, Cyathidites australis and Callialasporites turbatus.

The zones correspond well with different lithostratigraph-
ical units. Zones A and B correspond with the Fyledal Clay,
the interval zone with the Nytorp Sand and Zone C with the
Vitabick Clays. The stratigraphical ranges (Fig. 8) of the
palynomorphs suggest a late Middle - Late Jurassic age for
the interval examined.

Though some species with older Jurassic stratigraphical
ranges are present the proportion of species with younger
stratigraphical ranges favours a late Jurassic age. The pres-
ence of a variety of species of Callialasporites is reminis-
cent of Scanian lower Middle Jurassic microfloras (Guy,
1971; Guy-Ohlson, 1978), but no quantitative similarity
has been found. Characteristic Middle Jurassic species such
as those of Neoraistrickia have not been found in the inves-
tigated interval. Neither those characteristic Jurassic (Port-
landian)/Lower Cretaceous palynomorphs such as Pilosipor-
ites, Trilobosporites and Cicatricosisporites have been
recorded, though the presence of Coronatispora valdensis
suggests an approach to the Lower Cretaceous.

It may well be that the two assemblages A and B found
in the Fyledal Clay represent Oxfordian, respectively Kim-
meridgian ages, the interval zone a Kimmeridgian - Port-
landian age and Zone C a Portlandian age, but this cannot
be directly inferred from the stratigraphical ranges known for
palynomorphs found in the present investigation.

;\storp

At Astorp similar observations within the studied sample
interval were made with reference to assemblage composi-
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Fig. 6. Karindal No. 1. Well log showing lithology, litho- and stratigraphy.
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tion. (a) As in Karindal there were palynomorphs distributed
throughout the sample interval, e.g. Alisporites robustus,
Cibotiumspora jurienensis, Cyathidites australis, Osmunda-
cidites wellmanii and Classopollis classoides. (b) Species
restricted to the uppermost part of the interval examined are
exemplified by Cyathidites minor, Lycopodiumsporites
clavatoides, Podocarpidites verrucosus and Rugulatisporites
cf. neuquenensis. (c) Species found in the middle of the in-
terval can be divided into two groups: those found only be-
low the first barren sample and those only in the sample
flanked on either side by barren samples. Examples of the
former are Chasmotosporites major and Baculatisporites co-
maumensis, while Pinuspollenites globosaccus exemplifies
the latter. (d) The bottom part of the examined interval con-
tains no species solely recorded from this interval. The dif-
ferent groups noted above suggest the presence of four dif-
ferent assemblages: Zone I from 169.09-166.77 m, Zone II
from 166.57-165.14 m, Zone III from 165.00-162.98 m
and Zone IV from 160.58-161.81 m. Combining the evi-
dence presented above with the known stratigraphical ranges
of the palynomorphs constituting the different assemblages
it can be noted (Fig. 8) that Zones I and II are dominated
both in the number of species and number of individuals per
species by species which either have their stratigraphical
ranges which end at the Callovian/Oxfordian boundary or
have long stratigraphical ranges throughout the whole of the
Jurassic and in many cases into the Cretaceous. A few spe-
cies have Middle Jurassic ranges and even fewer have a range
from the Callovian or Callovian/Oxfordian boundary extend-
ing into the Upper Jurassic and beyond. This situation is
what would be expected for an upper Middle Jurassic - lower
Upper Jurassic microflora. Zone II may be distinguished
from Zone I by the incoming of Chasmatosporites major
and Baculatisporites comaumensis at 165.57 and from Zone
III by their outgoing at 165.14 metres.

Zones III and IV contrast greatly with zones I and II. The
dominant emphasis moves from the older Jurassic and long
ranging Jurassic to the long ranging and younger Jurassic
species (Fig. 8). While Alisporites robustus and Chasma-
tosporites apertus occur in high numbers in Zone III they
almost disappear in Zone IV. Only 24 species occur in Zone
III which is characterised by the latter two mentioned spe-
cies along with Ginkgocycadophytus nitidus.

Zone IV shows poverty in both the number of species
found and the number of individuals per species with the ex-
ception of the sample at 161.19 m where Classopollis clas-
soides dominates the assemblage. Though the complete pic-
ture of the palynomorph content tentatively suggests a late
Middle Jurassic (Early Callovian) age for Zones I and II and
a somewhat younger Callovian-Oxfordian for Zones III and
IV, the presence of the dinoflagellate Nannoceratopsis graci-
lis in Zones I, IIT and IV should be mentioned. The main
stratigraphical range for this species has been established as
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upper Pliensbachian to Bathonian (Thusu, 1978; Sarjeant,
1979), but rare occurrences have been recorded in the lower
Callovian of England (Woollam & Riding, 1983). Even if
only a few sporadic specimens (Fig. 8) have been encoun-
tered at Astorp they suggest, along with the previously pre-
sented evidence, a tentative Callovian age for the whole
cored sample interval which is recognised as the lithostrati-
graphical unit Fortuna Marl.

Comparison between the microfloras found for the inves-
tigated intervals at Astorp and Karindal reveals that only the
stratigraphically long ranging species are common to both
and that the Karindal assemblages represent a microflora,
comparatively speaking of younger age than the interval in-
vestigated at Astorp, i.e. 160.58-169.09 m.

COMPARISON WITH OTHER RELEVANT
PALYNOFLORAS

The Astorp and Karindal palynofloras have been compared
with other NW European palynofloras of similar age in
which the dominant constituents are pollen grains and
spores. Generally, all the palynofloras are characterised by
stratigraphically long-ranging species and contain very few
significant taxa with narrow well-defined ranges. In certain
cases, however, e.g. in east Greenland (Lund & Pedersen
1984) dinoflagellates occur and this allows much finer age
determinations.

In Britain, Couper (1958, p. 94 and table 9) noted that
the samples examined from the Oxford and Kimmeridge
clays were not particularly rich in species or in number of
specimens so that the stratigraphical value of differences in
composition could not be accurately assessed. Foveotriletes
irregulatus, the species Couper considered to characterise the
microfloras from the Oxford and Kimmeridge clays has not
been recorded at Astorp nor at Karindal, but otherwise the
Swedish microfloras of supposed equivalent age are similar.
They are distinguishable in the same way, as already out-
lined, from the Middle Jurassic microfloras and from the
younger Purbeckian and Lower Cretaceous floras by their
absence of respective characteristic species already named in
the previous section.

Norris (1969) found a restricted assemblage composition
in what he termed Suite A (equivalent to Upper Kimmerid-
gian, the Portlandian and basal Lower Purbeck Beds). Com-
parison of Karindal Zone C with Norris suite A (1969, p.
604, Text-fig. 3) shows similarity to a certain extent in as-
semblage composition. Hunt and Wimbledon (1984) have
presented a refined biozonation based on palynological
events for the marine Portlandian rocks of southern Britain.
Their assemblages from marine rocks reflect low diversity
dominated by gymnosperm pollen of genera found also at
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Karindal, e.g. Classopollis, Spheripollenites, Araucaria-
cites, Callialasporites and Alisporites. The assemblages
from non-marine rocks are more diverse (up to 90 species)
and though dominated also by gymnosperm pollen contain
some samples dominated by trilete spores similar to those
found in zone C of Karindal with the exception that the
‘typical younger elements' such as Trilobesporites and Cica-
tricosisporites have not been recorded at Karindal.

The dominant gymnosperm pollen grain species, e.g.
Araucariacites australis, Cerebropollenites mesozoicus, Peri-
nopollenites elatoides, Spherinopollenites spp., Calliala-
sporites and Classopollis recorded by Batten (in Thusu,
1978) for the NW European continental shelf area are
present at Karindal. Likewise the majority of genera and
species, e.g. Gleicheniidites, Lycopodiumsporites, Sestro-
sporites pseudoalveolatus and Staplinisporites caminus
named as occurring in the restricted pteridophyte spore as-
semblages have been recorded at Karindal. The long-ranging
gymnosperms and the difficulties in finding significant taxa
to characterise specifically the Callovian and Oxfordian are
also mentioned.

The work of Lund and Pedersen (1984) in East Greenland
further exemplifies the difficulties in obtaining significant
correlation based on spores and pollen grains. The genera
listed in Lund & Pedersen (1984, p. 392, Fig. 5) for as-
semblages C3 to D (58), equivalent to Early Callovian -
Early Kimmeridgian respectively, are also recorded at
Astorp, respectively Karindal. Similar assemblages have
also been recorded for N. Norway (Vigran & Thusu, 1975).
The usefulness and significance of dinoflagellates is well il-
lustrated in this Greenland study where they permit not only
a well-defined narrow age determination but also facilitate
refined correlation with e.g. Svalbard (Bjaerke 1977 and
1980).

In his studies of spore-pollen assemblages from France
(Normandy) and Germany, Srivastava (1987) names Callia-
lasporites, Cerebropollenites and Exesipollenites as the
dominating genera for the otherwise poor spore/pollen con-
tents of the Callovian samples. Araucariacites, Calliala-
sporites, Cerebropollenites and Classopollis genera domi-
nated the Oxfordian samples studied and species such as
Leptolepidites major and Staplinosporites caminus, famil-
iar from Karindal are also named. The Kimmeridgian sam-
ples were dominated by taxa of earlier stages with Densoi-
sporites perinatus (not recorded at all in the Swedish sam-
ples) named as an additional species of interest.

Comparison with microfloras from other geographical re-
gions such as Canada (Pocock, 1970), Argentina (Volk-
heimer and Quattrocchio, 1981), Australia (Filatoff, 1975)
and Libya (Thusu & Vigran, 1985) shows similar assem-
blage composition, even if the similarity is more at the ge-
neric rather than the species level.

Summing up the comparison with the most relevant as-
semblages it may be said that there are general similarities
of assemblage composition, but detailed correlation without
the presence of dinoflagellates or other significant taxa ap-
pears difficult if not impossible.

REWORKED PALYNOMORPHS

Reworked Carboniferous spores have been recorded both at
Karindal and at Astorp. From Fig. 8 it can be seen that they
are more numerous at Astorp. Those recorded at Astorp were
extremely well preserved for reworked spores and show little
sign of damage or long distance transport (Pl. 4: 10-12).

The occurrence of reworked Carboniferous spores in
Swedish Mesozoic sediments have been reported and studied
by Guy-Ohlson et al. (1987). One of the possible source ar-
eas suggested for supposed Carboniferous deposits in close
association with Precambrian bedrock was the northernmost
tip of 'Soderasen’ (Guy-Ohlson et al. 1987, p. 297, Fig. 2).
The proximity of the Astorp bore-hole to Séderdsen, the in-
crease in the number of reworked Carboniferous spores
found compared to previous records and the relatively better
preservation appear to endorse the first tentative proposal of
Soderasen being, in Jurassic times, an uplifted block direct-
ly or indirectly overlain by Carboniferous deposits and thus
a possible source area.

FORAMINIFERAL STRATIGRAPHY
The foraminiferal content

Only 6 of 32 selected samples from Karindal No. 1 core
drilling, and 11 of 20 samples from Astorp No. 20 con-
tained definable foraminifers. A complete list of foraminifer-
al species (and non-specified forms referred to different gene-
ra) is to be found in Fig. 9, where also their known
stratigraphical ranges in Europe are given (see also Index of
Foraminifera, p. 27). The occurrences of different foramini-
fers in pre-Quaternary strata at Karindal and Astorp are
marked with dots in Fig. 9 (the number of individuals of
each species is generally so small in the material studied
that information of frequences or relative frequences is re-
garded to be of little value).
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Karindal

Most of the foraminiferal species at Karindal are obtained
from the basal part of the sequence penetrated. The major
part of the pre-Quaternary sequence (90-170 m, see Fig. 6)
has not yielded any definable foraminifers at all. In some
samples internal moulds are the only remnants of calcareous
foraminiferal tests once present in the sediment. Such obser-
vations indicate that certain intervals of the Upper Jurassic
sequence at Karindal represent marine decalcified sediments.
As will be demonstrated in the following, however. the ma-
jor part of the Upper Jurassic deposits in NW Scania is in-
terpreted to have been formed in non-marine environments.

The foraminifers obtained from Karindal-1 can be subdi-
vided into three stratigraphical range groups: 1) forms main-
ly restricted to the Lower Jurassic, 2) long-ranging forms,
and 3) forms ranging from the Middle Jurassic to the Upper
Jurassic.

Group 1 includes foraminifers recorded in samples from
177.6-190.6 m interval of the drilling. The assemblage rep-
resents a characteristic Middle Liassic fauna including sever-
al forms restricted to the Pliensbachian in Europe, e.g. Briz-
alina liasica amalthea, Lenticulina turbiniformis,
Marginuina spinata interrupta, Saracenaria sublaevis, and
Geinitzinita tenera carinata (see Fig. 9 and p. 27).

Group 2 (the long-ranging forms) includes mainly calcar-
eous (nodosariid) foraminifers, but also arenaceous forms:
Pseudonodosaria vulgata, Astacolus varians, Lenticulina
muensteri (calcareous forms), and Ammodiscus tenuissimus
(arenaceous form). These foraminifers vary in representation
within the drilling sequence of Karindal-1 which has yielded
definable foraminifers (170-190 m).

Group 3 represents a fauna obtained from the uppermost
sample (at 172 m), of those which have yielded any forami-
nifers. Along with long-ranging forms the foraminiferal as-
semblage from 172 m includes Dentalina guembeli, Mar-
ginulina nytorpensis, and Lenticulina quenstedti. Dentalina
guembeli has a stratigraphical range from the Callovian to
the Oxfordian in Europe. Marginulina nytorpensis has pre-
viously been described from western Scania, where it was
recorded from strata given Callovian and Oxfordian ages
(Norling 1972, 1981). Lenticulina quenstedti has a range
from the Bajocian to the Kimmeridgian.

The foraminiferal analyses of Karindal-1 suggest that
strata of late Middle Jurassic or early Late Jurassic age rest
on an uplift of Early Jurassic, seemingly Pliensbachian age.
This is supported by the lithostratigraphical interpretation
of the deepest 30 m core interval of Karindal-1, suggesting:
a) the 177.7-206.1 m interval of drilling has penetrated the
Rydebick Member (Middle to Upper Lias); b) characteristic
Middle Jurassic strata are missing, viz. the Vilhelmsfalt
Formation; ¢) from 146.3 m to 177.6 m the lithology is
characteristic of the Fyledal Clay, given an Oxfordian-
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Kimmeridgian age in other parts of Scania (Christensen
1968; Norling 1972, 1981).

Astorp

The foraminiferal fauna obtained from the Astorp samples
(Figs. 7, 9) is rather poor, most records being concentrated
to certain levels separated from each other by barren inter-
vals. In terms of local lithostratigraphical units, the basal
member of the sequence penetrated, the Fortuna Marl, has
yielded the major part of the foraminiferal fauna, including
both calcareous and arenaceous forms. The succeeding Fy-
ledal Clay Member has yielded arenaceous foraminifers
only, whereas the Nytorp Sand (Fig. 7) has not yielded any
foraminifers at all. From the uppermost member of the se-
quence, the Vitabidck Clays, individuals of one arenaceous
genus, and three genera of calcareous foraminifers have been
recorded. The latter include forms indicating that the Vi-
tabick Clays may span the Jurassic-Cretaceous boundary.
The foraminiferal taxa recorded from Astorp No. 20 are list-
ed in Fig. 9.

The Astorp foraminifers can be given the following sub-
division: 1) short-ranging forms restricted to the Middle Ju-
rassic - Upper Jurassic transition; 2) long-ranging, and 3)
post-Jurassic forms.

Group 1 mainly includes forms recorded from the 160.3-
169.1 m interval of drilling. This assemblage contains cal-
careous foraminifers such as Dentalina guembeli, Frondicu-
laria franconia, Lingulina lingulaeformis, and arenaceous fo-
raminifers such as Valvulina cf. fusca, Haplophragmoides
canui, Gaudryina heersumensis, and Reophax suprajurassica.
Dentalina guembeli, also recorded from Karindal-1 (p. 18)
and from other Scanian localities as well (Norling 1972,
1981), is restricted to the Callovian and Oxfordian Stages in
Europe. In Astorp No. 20 this form has been found in sam-
ples from 162 m and 165.8-168.4 m. Frondicularia francon-
ica, recorded from 165.8-168.4 m interval of drilling, ranges
from the Upper Bathonian to the Lower Oxfordian in Eu-
rope.

Lingulina lingulaeformis has been recorded from the
same samples as Frondicularia franconica, but also from
other levels (160.3 m and 169.1 m). Its stratigraphical range
in Europe is Bathonian-Oxfordian. In samples of the Fortu-
na Marl from other localities in Scania, Lingulina lingulae-
formis and Frondicularia franconica frequently occur togeth-
er. They may represent forms of one and the same species,
Lingulina lingulaeformis being the juvenile (and perhaps
adolescent) form, and Frondicularia franconica the adult
form. Their alleged relation has previously been discussed
by Norling (1972, pp. 64, 95-96).

The specimens referred to as Valvulina cf. fusca, obtained
from 164.5-165.8 m core interval in Astorp No. 20, show a
close affinity to forms described and illustrated by Lutze
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L.Cretaceous

200 m

190 m
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170 m

160 m
140 m

120 m

100m
80 m

Astacolus prima

Brizalina liasica liasica

Brizalina liasica amalthea

Astacolus neoradiata

Lenticulina turbiniformis

Marginulina prima prima

Marginulina spinata interrupta

Saracenaria sublaevis

Marginulina spinata spinata

Lenticulina sp.

Dentalina sp.

Lenticulina gottingensis

Geinitzinita tenera pupa

Geinitzinita tenera carinata

Pseudonodosaria vulgata

Astacolus varians

Lenticulina muensteri

Ostracoda sp.

Ammodiscus tenuissimus

N

Dentalina guembeli

Marginulina nytorpensis

Lenticulina quenstedti

Valvulina cf. fusca

Frondicularia franconica

Haplophragmoides canui

Lingulina lingulaeformis

Gaudryina heersumensis

Reophax suprajurassica

Lagenammina ex gr. difflugiformis

Epistomina cf. caracolla

Gavelinella sp.

Cibicides sp.

Fig. 9. List of foraminifers obtained from the Karindal and Astorp pre-Quatemary sequence and their stratigraphical ranges..
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(1960) under this specific name. This form is a low and flat
trochospiral, arenaceous foraminifer easily differentiated
from the Upper Jurassic (Kimmeridgian) species Valvulina
meentzeni KLINGER 1955. Valvulina fusca has previously
been recorded from western and south-western Scania and the
Hand Bay, east of the province (Norling 1981). Elsewhere
in Europe, this species seems to be restricted to the Callovi-
an Stage.

Foraminifers referred to Haplophragmoides canui have
been obtained from core samples between 162 m and 165.8
m. This species has been recorded from the Upper Jurassic
of France (Cushman 1930) and N. Alaska (Tappan 1955)
among other places. The Swedish specimens show affinity
to Haplophragmoides volgensis MY ATLIUK 1939 too, de-
scribed from the Upper Jurassic of the Saratov District,
USSR.

Gaudryina heersumensis was originally described by Lut-
ze (1960) from the Oxfordian of NW Germany. Elsewhere
in Europe too, this species seems to be restricted to the Ox-
fordian Stage. At Astorp, Gaudryina heersumensis has been
obtained from samples around 160 m. Reophax suprajuras-
sica is another arenaceous foraminifer restricted to the Ox-
fordian in Europe. At Astorp it has been recorded from two
samples at 140 m and 160.3 m, both referred to the Fyledal
Clay Member of the Annero Formation.

Group 2 (stratigraphically long-ranging forms) includes
species such as Lenticulina muensteri, Ammodiscus tenuis-
simus, and Lagenammina ex gr. difflugiformis. The first
mentioned two species, recorded from Karindal too, were ob-
tained from the 160.3-169.1 m interval of drilling (Fortuna
Marl), and Lagenammina ex gr. difflugiformis from the
lower part of the Vitabick Clays (Figs. 7, 9).

Group 3 includes three foraminiferal genera: Cibicides,
Gavelinella and Epistomina, all recorded from the upper part
of the Vitabidck Clays. Neither Cibicides, obtained from
samples at 85 m, 88 m, 90 m, and 95 m, nor Gavelinella,
recorded from the 85 m and 95 m levels has been reported
from pre-Cretaceous strata. This is taken as an indication
that the Vitabick Clays in Astorp No. 20 may straddle the
Jurassic-Cretaceous boundary. Forms of the genus Episto-
mina from the same interval of drilling, showing affinity
to Epistomina caracolla support this stratigraphical interpre-
tation. E. caracolla, including the two subspecies E. caracol-
la caracolla and E. caracolla anterior, is restricted to the
Lower Cretaceous in Europe. The first mentioned subspe-
cies ranges from the Upper Valanginian to the Lower Barre-
mian, the latter from the Middle to the Upper Valanginian
(“Leitfossilien” 1962; Norling 1981).

The foraminiferal analyses of the pre-Quaternary sequence
in Astorp. No. 20 suggest the following:

A) The 160.3-169.1 m interval of drilling, lithologically
correlative with the Fortuna Marl (page 9), has yielded a fo-
raminiferal assemblage containing forms stratigraphically
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restricted to the Middle Jurassic - Upper Jurassic transitional
beds. The boundary may be placed somewhere betwen 160
mand 165 m .

B) The 135-160.3 m interval of the Astorp sequence, re-
ferred to the Fyledal Clay, has yielded very few foraminifers
from samples at 140 m, 156 m, and 160 m, all arenaceous
forms of species stratigraphically restricted to the Oxford-
ian.

C) The Nytorp Sand (110-135 m) is completely devoid of
foraminifers.

D) The Vitabick Clays (67-110 m) have yielded forami-
nifers indicating that the upper part of this member is of
Early Cretaceous age. Its lower part has not yielded any fo-
raminifers of stratigraphical bearing.

COMPARISON WITH OTHER RELEVANT
FORAMINIFERAL FAUNAS

The foraminiferal faunas obtained from the pre-Quaternary
sequences at Karindal and Astorp have been compared with
foraminiferal faunas of similar age elsewhere in Europe.

Among the nineteen genera recorded, thirteen represent
calcareous and six arenaceous forms. Among the calcareous
genera nodosariid foraminifers dominate (nine genera), a pre-
dominance which is characteristic of Jurassic shelf sea fau-
nas north, as well as south of the Tethyan Sea.

The interval below the Upper Jurassic sequence cored at
Karindal has been dated to the Pliensbachian with the aid of
foraminifers from core samples within the interval 177.6-
190.6 m. Almost the whole foraminiferal fauna from this
interval, including some 15 species, has been found in other
parts of Scania too (Norling 1972, 1981), and in the Lias of
Denmark (Norvang 1957; Bang in Larsen et al. 1968) as
well. Most of these species seem to have almost identical
stratigraphical ranges in Sweden and Denmark. A strange
character of the Liassic foraminiferal fauna at Karindal is the
lack of representatives of the genus Nodosaria, normally
fairly frequent in strata of this age.

Most of the foraminifers from the Liassic beds below the
base of the Upper Jurassic Fyledal Clay in Karindal-1 have
also been recorded from NW Germany (Bartenstein & Brand
1937; Neuweiler in Bach et al. 1959, “Leitfossilien” 1962;
Brouwer 1969); Great Britain (Adams 1957; Barnard 1950-
56, Brouwer 1969; Copestake & Johnson 1984; Lord &
Bown 1987), and from France (Bizon 1960; Ruget & Sigal
1967; Brouwer 1969). Many of the foraminifers in the Lias-
sic assemblage of Karindal seem to be restricted to the
Pliensbachian in NW Europe; Brizalina liasica amalthea,
Lenticulina turbiniformis, Marginulina spinata interrupta,
Saracenaria sublaevis, and Geinitzinita tenera carinata to be
mentioned (Fig. 9).



UPPER JURASSIC LITHO- AND BIOSTRATIGRAPHY OF NW SCANIA

The meagre foraminiferal fauna obtained from post-
Liassic, essentially Upper Jurassic strata in NW Scania in-
cludes some 15 species. Apart from the long-ranging spe-
cies of little biostratigraphical interest, the assemblage in-
cludes one species only which is restricted to the Middle
Jurassic in Europe, viz. Valvulina fusca (Lutze 1960; Nor-
ling 1981), whereas the other forms with a limited strati-
graphical range either span the Middle Jurassic - Upper Ju-
rassic boundary, or are restricted to the Upper Jurassic in
Europe. As a whole, the foraminiferal fauna of the Fortuna
Marl and the Fyledal Clay (p. 19) in NW Scania show a
striking resemblance not only to faunas in countries adja-
cent to Scania, but also to foraminiferal assemblages record-
ed from Jurassic strata in more distant areas such as south
Germany, France and Wessex. Many forms listed in a recent
publication by Lord & Bown (1987) from the Upper Juras-
sic of the Dorset coast are also present in NW Scania, forms
such as Frondicularia franconica, Lenticulina quenstedti and
Haplophragmoides canui along with several long-ranging
forms common to Sweden and Wessex (Fig. 9). The bed by
bed foraminiferal biostratigraphy of the Dorset Jurassic, cor-
related with the ammonite zonation, has been of importance
for the biostratigraphy of the Swedish Jurassic in this and
previous investigations (Norling 1970, 1972, 1981).

Most of the foraminiferal species obtained from Karindal
and Astorp have previously been treated in a more compre-
hensive publication (Norling 1972), where a list of the
main references used for comparison and correlation of the
Scanian Jurassic foraminiferal faunas with those of other
countries will be found (pp. 105, 116-120). In this respect
the list includes literature concerning e.g. Denmark, Germa-
ny, Austrian-Swiss Jura, the Netherlands, United Kingdom,
France, Italy, Spain, Poland, Czechoslovakia, and the So-
viet Union.

PALAEOENVIRONMENTS, DEPOSITION
AND ORGANIC MATURATION

Karindal

No dinoflagellates have been recorded in the Karindal sam-
ples, but three other species of organic-walled microplank-
ton are of interest - namely Botryococcus sp., indicative of a
fresh water influence on the sedimentary deposition, Tasma-
nites sp., the green alga indicative of marine conditions and
Canningia sp. also indicative of marine environment. Ex-
amination of Fig. 8 shows that Botryococcus is found in al-
most all samples, Tasmanites in only 2 samples (at 113.92
m and 95.22 m) but never together with Botryococcus, and
Canningia only in one sample (at 90.12 m) and then togeth-

er with Botryococcus. Thus for the Fyledal Clay there is pa-
lynological evidence indicating freshwater influence on the
depositional environment, none for the Nytorp Sand but
again for certain samples of the Vitabick Clays. Short-lived
marine ingressions at 113.92 m and 95.22 m are indicated
by presence of Tasmanites and absence of Botryococcus,
while the presence of both at 90.12 m suggests brackish
conditions prevailed at the time of deposition.

Basing an evaluation on small unsculptured spores of
light brownish yellow colour through the sample series a
value of 3 was obtained on the thermal alteration index scale
(T.A.L) of Batten (1980, 1981, 1982), indicating some
chemical changes, marginally mature sediments with only a
low hydrocarbon energy source potential.

The Jurassic sequence at Karindal has been studied paly-
nologically down to a depth of 152 m. Below this level fo-
raminifers only were examined. As shown above (p. 18,
Fig. 6) the deepest 30 m of the Karindal borehole penetrated
Liassic deposits. Samples from 177.6 m, 181.8 m, 184.7
m, and 190.4 m represent marine deposits as indicated by
their content of calcareous foraminifers. With a few excep-
tions the number of individuals of different foraminiferal
species is small. The exception are Geinitzinita tenera and
Brizalina liasica, species which were found in a relative
large number of individuals in samples from 177.6 m,
181.8 m, and 184.7 m and 190.4 m respectively.

In his study of depositional environment of Liassic fo-
raminifers in different parts of NW Europe, Brouwer (1969,
p. 20), after statistical treatment of his large material, has
recognized a particular succession of foraminiferal assem-
blages. In this succession assemblages with Lenticulina
gottingensis (or other unornamented Lenticulina) as a main
component probably represent the deepest and/or most open
marine condition. If comparable with Recent seas, such an
assemblage may have occupied a depth interval between 60
m and 1500 m. Towards the other end of Brouwer's assem-
blage succession Geinitzinita tenera dominated assemblages
are to be found, indicating shallow marine, nearshore envi-
ronments. Assemblages with Brizalina liasica as the main
component occupy the central part of Brouwer's succession,
perhaps indicating rather deep marine conditions.

As a whole, the Pliensbachian foraminiferal fauna of Ka-
rindal is composed of nodosariid foraminifers with few ex-
ceptions (Brizalina forms). According to Bielecka & Pozary-
ski (1954), nodosariids are rare in very shallow marine
environments, but become more numerous in marly, argil-
laceous sediments formed in nearshore but deeper waters.
Wall (1960) and Gordon (1970) have reached similar conclu-
sions. The latter stated that the characteristic nodosariid and
nodosariid-mixed assemblages in the Jurassic indicate that in
general, they are "typical of shelf seas with nearby lands
that feed coarse to fine terrigenous sediments into a sea,
where carbonate deposition is also progressing. When such
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seas reach extremes of shallowness, the nodosariid and nodo-
sariid-mixed assemblages seem to disappear.”

The Upper Jurassic sequence at Karindal has yielded very
few foraminifers, specimens of the genera Lenticulina, Den-
talina, Marginulina and Ammodiscus, all obtained from
samples within the 172-176 m interval. The palynological
and foraminiferal investigations thus indicate that the Fyle-
dal Clay (146-177 m) was deposited in alternating marine
and freshwater environments. There is no foraminiferal evi-
dence concerning the depositional environment for the Ny-
torp Sand and the Vitabick Clays at Karindal.

;sstorp

From examination of Fig. 8 it can be seen that several or-
ganic-walled palynomorphs (other than pollen grains and
spores) have been recorded. Nannoceratopsis gracilis, the
only dinoflagellate recorded has been found in 4 samples, at
167.05-167.07 m, 166.77-166.78 m, 164.84-164.92 m and
161.19 m and is indicative of a marine sedimentary environ-
ment. The same conditions are also indicated by the pres-
ence of Tasmanites which occur in 9 samples, 3 of which
also contained Nannoceratopsis gracilis. Tasmanites is
known (Wall 1965; Riding 1983) to typify subsaline ma-
rine conditions and even characterise brackish water or shal-
low water often restricted marine environments where the
salinity has been reduced due to freshwater run off. The oc-
currence of Botryococcus in many of the samples (Fig. 8)
investigated from Astorp indicates such a fresh water in-
fluence on the sedimentary deposition. Thus brackish in-
shore conditions may be concluded for the deposition of the
cored interval studied at Astorp. The occurrence of Micrhys-
tridium spp., which prefer a partly enclosed in-shore envi-
ronment, in two of the samples where the greatest number
of reworked Carboniferous spores occur may well account in
part for their present good state of preservation. As for the
organic maturation, a somewhat higher value was obtained
on the T.A.L scale indicating mature sediments with a pos-
sible hydrocarbon energy source potential, but not sufficient
to be of commercial interest.

From the list of Foraminifera (Fig. 9) it can be seen that
calcareous forms have been found in the Fortuna Marl (160-
169 m) spanning the Middle Jurassic - Upper Jurassic
boundary, and within the central part of the Vitabick Clays
(67-110 m), seemingly straddling the Jurassic-Cretaceous
boundary. Arenaceous foraminifers have been found in the
Fortuna Marl in assemblages dominated by calcareous
forms, in the Fyledal Clay (135-160 m), and in the basal
part of the Vitabick Clays. The Nytorp Sand has not yielded
any foraminifers at all.

Along with dinoflagellates, pollen grains and spores, the
calcareous foraminifers indicate alternating marine and fresh-
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water influence on the deposition of the Fortuna Marl. The
succeeding Fyledal Clay has yielded arenaceous foraminifers
only. The main cause for the faunal change, where the For-
tuna Marl is replaced by the Fyledal Clay has been interpret-
ed as a change in depositional environment from mainly
marine to brackish-limnic (Norling 1972, p. 111). With ref-
erence to the Vitabick Clays spanning the Jurassic-
Cretaceous boundary, the records of calcareous foraminifers
indicate marine ingressions.

CONCLUSIONS

This study has resulted in the identification in NW Scania
of the following lithostratigraphical units (members of the
Annero Formation), namely, the Fortuna Marl (Upper Ba-
thonian - Oxfordian), the Fyledal Clay (Oxfordian - Kimme-
ridgian), the Nytorp Sand (Kimmeridgian - Postlandian) and
the Vitabick Clays (Portlandian - basal Cretaceous). From
the two boreholes, Astorp No. 20 and Karindal No. 1, 83
palynomorph species and 31 foraminiferal species have been
determined. From their known stratigraphical ranges it has
been possible to date different intervals of the examined
cores as representing late Middle Jurassic to late Late Juras-
sic. The foraminiferal fauna also shows that the Upper Ju-
rassic deposits of Karindal No. 1 rest on Pliensbachian up-
lift.
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APPENDIX I

LIST OF PALYNOMORPHS PRESENT
(All species listed below are to be found in Fig. 8)

Alisporites robustuy INIESSONC VOB 0 b p-1l.14:pl. 2
Araucariacites australis COOKSOM. TO8T. ..o i i sensinis Dol 15
Baculatisporites comaumensis (COOKSON) POTONIE.............cccocooueererveueerenn p. 14; pl. 1
Smwroremy DRYRUTIRN W . i p.- 11,21, 2l 5
Brachysaccus microsaccus (COUPER) MADLER, 1964...........coooeeeeeeeeuennnn. pl. 2
Calamospora mesozoica COUPER, 1958

Callialasporites damperi (BALME) SUKH DEV, 1971.....cccoceeevineeiennereereens p.ll:pl 2
Callialasporites minus (TRALAU) GUY, 1971

Callialasporites segmentus (BALME) SRIVASTAVA, 1963........ccccovuvvereuvenne p-11
Callialasporites trilobatus (BALME) SUKH DEV, 1961.........cccccoeverrmeerrrenanee p- 11
Callialasporites turbatus (BALME) SCHULZ, 1967.......c.ccceveveveerrerrereerereenes palil
Camarazonosporites (sp.) PANT (ex. PONTONIE), 1956

Canningia (sp.) COOKSON & EISENACK, 1960.......c.cccocveeereneeeneerrereenennen p. 21
Ceratosporites (sp.) COOKSON & DETTMANN, 1958

Cerebropollenites mesozoicus (COUPER) NILSSON, 1958.........ccoceevvveveuinne p-1l 15 pl 2
Chasmatosporites apertus (ROGALSKA) NILSSON, 1958......cccccovveeeeecvreenen. p- 14;pl. 3
Chasmatosporites major (NILSSON) POCOCK & JANSONIUS, 1969............... p.- 14
Cibotiumspora jurienensis (BALME) FILATOFF, 1975......cccoceveerivvenneeenenens p.-14;:pl. 1
Classopollis classoides (PFLUG) POCOCK & JANSONIUS, 1961.................... p- 11, 14; pl. 3
Conbaculatisporites mesozoicus KLAUS. 1960........................0ccccocooicnneain pl. 1

Concavissimisporites variverrucatus COUPER, 1958
Contignisporites dunrobinensis (COUPER) SCHULZ, 1967

Contignisporites problematicus (COUPER) DORING, 1965........cccccouerreeeunenne. pl. 2
Coronatispora valdensis (COUPER) DETTMANN, 1963........ccccoeereeeerverervenenes p. 11
Cyathidites: australis COURER, 188 i isinsiesnniss p- 11, 14; pl. 1
Cyathidites concavus (BOLKHOVITINA) DETTMANN, 1963

Cyathidites minor COPPER 008 i nssis p. 14
Cycadopites deterius (BALME) SUKH DEV, 1959.......ccccocevinrreerrecnreesreesnns p-1l

Cycadopites minimus (COOKSON) POCOCK, 1970

Densoisporites crassus TRALAU, 1968

Densoisporites scanicus TRALAU, 1968

Densoisporites velatus WEYLAND & KRIEGER, 1953

Densosporites (spp.) (BERRY) BUTTERWORTH, JANSONIUS, SMITH

e VS S e b e sl Rl el e a8 GRSt S pl. 4
Dictyophyllidites equiexinus (COUPER) DETTMANN, 1963........cccccevevreerennen. p.1l
Eucommiidites troedssonii ERDTMAN, 1948.........ccoocoerneeeinrrennesnnsnnanns pl. 3
Ginkgocycadophytus nitidus (BALME) de JERSEY, 1962.........ccccoeuvveeveeunnnene p. 14;pl. 3
Gleichenuites senanicks ROSS s 1989 i i i pl. 1
Ischyosporites variegatus (COUPER) SCHIILZ, 1967..............cooocneniennessens pl. 2
Leptolepidites: trassibaltens FILATOFR 1975 .. . il v iiviiviniinisiinessiiee p. 11
Leptolepidites equatibossus (COUPER) TRALAU, 1968
Lieptolepidites imaior COUPBR - WNSB . e p 1115 pl ]

Leptolepidites paverus LEVET-CARETTE, 1964

Leptolepidites rotundus TRALAU, 1968

Lycopodiacidites rugulatus (COUPER) SCHULZ, 1958

Lycopodiumsporites clavatoides (COUPER) TRALAU, 1968..........c.ccccccerueurnen. p. 14
Lycopodiumsporites reticulumsporites (ROUSE) DETTMANN, 1963
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Lycopodiumsporites (sp.) THIERGART (ex. DELCOURT & SPRUMONT),

1955
Lycopodiumsporites vilhelmii GUY, 1971
Marattisporites scabratus COUPER, 1958..........cuininininnnnninniiinsssecinens pl. 2
Matonisporites crassiangulatus (BALME) DETTMANN, 1963
Micrhystridium (spp.) BEFLANDRE. 1937.........cc.oovitoeiinennreanneeecin p-22:pL S

Monolites couperi TRALAU, 1968
Murospora (sp.) SOMERS, 1952

Nannoceratapsis gracilis (ALBERTI) EVITT, 1962.........cccooneicnvanane... p-14,22;pl. 5
Osmundacidites wellmanit COUBER. 1953..................cccoovoionnnancrnenacnes p. 14
Ovalipollis (sp.) (KRUTZSCH) POCOCK & JANSONIUS, 1969

Parvisaecites eniematus: COUPEBR 1958 . oo e pl. 2
Perinopolienites: elatoides COUPER, 19938 ........c.......conreinei i il p. 15
Pinuspollenites globosaccus FILATOFE, 1975............cccoeiserasvessasnsonsoississsses p. 14
Pityosporites nigraeformis (BOLKHOVITINA) POCOCK, 1970........ccccnuueuee. pl. 2

Pityosporites scaurus (NILSSON) SCHULZ, 1967
Podocarpidites ellipticus COOKSON, 1947

Podocarpidites (sp.) COQKSON, 1987, 0 . ... ieaiaiarirssuissains pl. 3
Podocarpidites verrucosus VOLKHEIMER, 1972............ccceconseesaescnsanssanssasans p. 14; pl. 3
Rugulatisporites neuquenensis VOLKHEIMER, 1972.........ccooiiiniinincnnnne. p- 14;pl. 1
Schizosporis (sp.) COOKSON & DETTMANN, 1959

Sestrosporites pseudoalveolatus (COUPER) DETTMANN, 1963....................... S

Spheripollenites scabratus COUPER, 1958
Spheripollenites (sp.) COUPER, 1958

Stereisporites antiquasporites (WILSON & WEBSTER) DETTMANN, 1963....... p. 11

Stereisporites (sp.) PFLUG, 1953

WO TR e e S Sn e e e SRR e T e plL.Lpl.2pl 4 plL>
Tasmanites (sp.) NEWTON ABTS. ot raaeenrizoasanse. p2i, 22 plcS

Todisporites major COUPER, 1958
Todisporites (sp.) COUPER, 1958
Uvaesporites argenteaeformis (BOLKHOVITINA) SCHULZ. 1967

26




APPENDIX I

INDEX OF FORAMINIFERA
Ammodiscus tenuissimus (GUMBEL 1862)........ccccoeeuerecreererncnnnenne Fig. 9, pp. 18, 19, 20, 22
Astacolus neoradiata NEUWEILER 1959 .. ... . ........cccoooeeinne Fig. 9, p. 19
Astacolus prima (D'ORBIGNY 1849 c.ocoreenoioincinsoreeosessssinen Fig. 9, p. 19
Astacolus varians (BORNEMANN 1854)........cccoveeeneenneennerrnensnecnes Fig. 9, pp. 18, 19
Brizalina liasica liasica (TERQUEM 1858).........cccecerueeeeirneeernesnenennes Fig. 9, pp. 19, 21
Brizalina liasica amulihea BRAND 1937 . . ... Fig. 9, pp. 18, 19, 20
Cibicides: DE- MONBEORTUIROS - o Fig. 9, pp. 19, 20
Dentaling RISSOE1826 0 e Fig. 9, pp. 19, 22
Dentalina guembeli SCHWAGER 1865.........cccccovioovsinninssssiossmroniins Fig. 9, pp. 18, 19
Epistomina caracolla caracolla (ROEMER 1841)........ccccccceeveruereerenne Fig. 9, pp. 19, 20
Epistomina caracolla anterior BARTENSTEIN & BRAND 1951........... Fig. 9, pp. 19, 20
Frondicularia franconica GUMBEL 1865..........oeooeuveeueeeereeeesenerens Fig. 9, pp. 18, 19, 21
Gaudryina heersumensis EUTZE 1960, ... Fig. 9, pp. 18, 19, 20
Gavelinella BROTZEN 1982 - C i, Fig. 9, pp. 19, 20
Geinitzinita tenera tenera (BORNEMANN 1854)........ccoevueevvueereneenenne Fig. 9, pp. 19, 21
Geinitzinita tenera carinata (NORVANG 1957)......cocvevererveneenennenenes Fig. 9, pp. 18, 19, 20
Geinitzinita tenera pupa (TERQUEM 1I866)........ccc.c.oocevneniccssensonssons Fig. 9, p. 19
Haplophragmoides canui CUSHMAN 1930........ccooeeeeeeveerreereennennn. Fig. 9, pp. 18, 19, 20, 21
Haplophragmoides volgensis MYATLIUK 1939........ccoeieeieeinenennens p- 20
Lagenammina difflugiformis (BRADY 1879)....cccceeveeerreereerrneennennen Fig. 9, pp. 19, 20
Lenticiling L AMARGK 1808 = i e Fig. 9, pp. 19, 21, 22
Lenticulina gottingensis (BORNEMANN 1854).......c.ccocevvveveererivennens Fig. 9, pp. 19, 21
Lenticulina muensteri (ROEMER 4839 ... i Fig. 9, pp. 18, 19, 20
Lenticulina quenstedti (GUMBEL 1862).........cccoovueiuieeeirecesereeneens Fig. 9, pp. 18, 19, 21
Lenticulina turbiniformis (TERQUEM 1864).........cccceceereerierveruesnnns Fig. 9, pp. 18, 19, 20
Lingulina lingulaeformis (SCHWAGER 1865)........ccccccveeuerreernnveennns Fig. 9, pp. 18, 19
Marginuling-DORBIGNY 1826 oo p. 22
Marginulina nytorpensis NORLING 1972.........ccooeveeueevecrresnecnennenns Fig. 9, pp. 18, 19
Marginulina prima prima D'ORBIGNY 1849........ccccoevievecreecneennene Fig. 9, p. 19
Marginulina spinata spinata TERQUEM 1858.......ccooeevreereerueruecnnens Fig. 9, p. 19
Marginulina spinata interrupta TERQUEM 1866.........c..cceerveereereenens Fig. 9, pp. 18, 19, 20
Nodosaria  LAMARCK 181 s i p- 20
Pseudonododaria vulgata (BORNEMANN 1854).......ccoceevevcevrrvesennee Fig. 9, pp. 18, 19
Reophax suprajurassica BAEUSSLER 1890............cccoounnnarrens Fig. 9, pp. 18, 19, 20
Saracenaria sublaevis (FRANKE 1936)....c.ccoinicniiivneiocnisesssssns Fig. 9, pp. 18, 19, 20
Valvalina fusca ' (WILETAMSON BSSY. . iy Fig. 9, pp. 18, 19, 20, 21
Valvuling meentzent KIEINGLER 1955 ..o oo s p. 20
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PLATE I

Fig. 01 Cyathidites australis Couper
A-SEM/3: 161.19

Fig. 02 Cibotiumspora jurienensis (Balme) Filatoff
A-SEM/19: 167.05-165.07

Fig. 03 Gleicheniidites senonicus Ross
A-SEM/4: 161.31

Fig. 04 Sp. indet.

-SEM/3: 161.19

Fig. 05 Cf. Leptolepidites major Couper
A-SEM/5: 161.76-161.81

Fig. 06 Leptolepidites cf. bossus (Couper) Schulz
A-SEM/3: 161.19

Fig. 07 Sp. indet.

-SEM/9: 164.89-164.92

Fig. 08 Cf. Conbaculatisporites mesozoicus Klaus
A-SEM/3: 161.19

Fig. 09 Baculatisporites comaumensis (Cookson) Pontonié
A-SEM/5: 164.89-164.92

Fig. 10 Neoraistrickia truncata (Cookson) Pontonié
A-SEM/1: 160.58

Fig. 11 Neoraistrickia truncata (Cookson) Pontonié
A-SEM/1: 160.58

Fig. 12 Neoraistrickia sp. Pontonié
A-SEM/3: 161.19

Figs. 13, 14 Rugulatisporites neuquenensis Volkheimer
A-SEM73: 161.19

Figs. 15, 16 Rugulatisporites neuquenensis Volkheimer
A-SEM/2: 160.93

(Bar length = 10 microns in Figs. 1-13, 15 and 1 micron in
Figs. 14, 16)
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PLATE 2

Ischyosporites variegatus (Couper) Schulz
A-SEM/3: 161.19
Contignisporites problematicus (Couper) Déring
A-SEM/9: 164.89-164.92
Sp. indet.

-SEM/3: 161.19
Marattisporites scabratus Couper
A-SEM/3: 161.19
Cerebropollenites mesozoicus (Couper) Nilsson
A-SEM/1: 160.58
Callialasporites dampieri (Balme) Sukh Dev
KD-SEM/9: 110.52
Parvisaccites enigmatus Couper
KD-SEM/8: 112.59
Sp. indet.

-SEM/9: 164.89-164.92
Alisporites robustus Nilsson
A-SEM/19: 167.05-167.07
Brachysaccus microsaccus (Couper) Midler
A-SEM/3: 161.19
Brachysaccus microsaccus (Couper) Madler
A-SEM/18: 166.77-166.78
Pityosporites nigraeformis (Bolkhovitina) Pocock
A-SEM/18: 166.77-166.78

(Bar length = 10 microns)
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PLATE 3

Podocarpidites verrucossus Volkheimer
A-SEM/9: 164.89-164.92

Podocarpidites sp.

A-SEM/3: 161.19

Reticulate inner structure of bisaccate pollen
A-SEM/9: 164.89-164.92

Chasmatosporites hians Nilsson

A-SEM/11: 165.14-165.16
Chasmatosporites apertus (Rogalska) Nilsson
A-SEM/3: 161.19

Ginkgocycadophytus nitidus (Balme) de Jersey
A-SEM/18: 166.77-166.78

Eucommiidites troedsonii Erdtman
A-SEM/17: 166.56-166.57

Figs. 8-13 Classopollis classoides (Pflug) Pocock & Jansonius

(8) A-SEM/1: 160.58, (9) A-SEM/7: 166.56-166.57,
(10) A-SEM/14: 165.83-165.85, (11) KD-SEM/11:
98.27, (12) & (13) A-SEM/17: 166.56-166.57

(Bar length = 10 microns in Figs. 1-2, 4-5, 7-12 and 1 micron in
Figs. 3, 9, 13)
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PLATE 4

Figs. 1-9 Sp. indet.
(1) A-SEM/12: 165.42-165.43, (2) A-SEM/18: 166.77-
166.78, (3) A-SEM/11: 165.14-165.16, (4) A-SEM/9:
164.89-164.92, (5) A-SEM/5: 166.56-166.57,
(6) A-SEM/3: 161.19, (7) A-SEM/3: 161.19,

(8) A-SEM/ 164.89-164.92, (9) A-SEM/19: 167.05-
167.07

Figs. 10-12 Densosporites sp.
A-SEM73: 161.19

(Bar length = 1 micron in Figs. 2, 5-7, 11-12 and 10 microns in all
of the others)
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PLATE §

Fig. 01 Sp. indet.
-SEM/17: 166.56-166.57
Fig. 02 Botryococcus sp.
A-SEM/17: 166.56-166.57
Fig. 03 Botryococcus sp.
A-SEM/9: 164.89-164.92
Figs.4-6 Micrhystridium spp.
(4) & (5) A-SEM/17: 166.56-166.57, (6) A-SEM/18:
166.77-166.78
Figs. 7-8 Nannoceratopsis gracilis (Alberti) Evitt
A-SEM/18: 166.77-166.78
Fig. 09 Nannoceratopsis gracilis (Alberti) Evitt
A 166.77-166.79/1 (92.5/25.6) x 1250
Fig. 10 Tasmanites sp.
A 165.14-165.16/9 (105.6/48.4) x 400
Fig. 11 Tasmanites sp.
A 161.19/2 (105.6/35.6) x 900
Fig. 12 Nannoceratopsis gracilis (Alberti) Evitt
A 167.05-167.07/1 (96.3/20.0) x 1250

(Bar length = 10 microns in Figs. 1-7 and 1 micron in Fig. 8)
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