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Nine palynological intervals, A-I in ascending order, are recognised in the Carboniferous succession of the well 7120/2-1 on the Loppa High in the
western Barents Sea. Within the Billefjorden Group intervals A-E are correlated with the early Viséan to Serpukhovian Pu to TK Miospore Zones of
western Europe. The known sedimentation break between the Billefjorden and Gipsdalen groups occurred in the Serpukhovian, as interval G of the
lower part of the Gipsdalen Group is equivalent to the late Serpukhovian SO Miospore Zone. Lycospora pusilla and Densosporites spp. dominate
these assemblages, indicating humid conditions. The topmost interval I correlates with early Moscovian palynofloras of the Arctic. It is at the oldest
equivalent with the NJ Miospore Zone. Assemblages within this interval are dominated by the monosaccate pollen Florinites and Potonieisporites,
with abundant taeniate and non-taeniate bisaccate pollen, indicating deposition under a dry climatic regime.
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Introduction
The Carboniferous palynostratigraphy of Western
Europe presented by Clayton et al. (1977) is well established and widely used. The Western European palynozonation is, however, not always applicable in the
Arctic Region. Diachronous appearances of taxa in the
two regions are explained by the fact that the western
and northern parts of Canada, Greenland and the
Barents Sea area belonged to the Sub-Angaran sub-province during the Carboniferous (Lenz et al. 1993).
Through the years a number of published papers have
dealt with Carboniferous palynology from different
areas in the Arctic Region: e.g. the Finnmark Platform
offshore northern Norway (Bugge et al. 1995), Bjørnøya in the Barents Sea (Kaiser 1970), Spitsbergen (Playford 1962, 1963), Northeast Greenland (Vigran et al.
1999), Sverdrup Basin in Arctic Canada (Utting 1985,
1989; Utting et al. 1989), Yukon Territory in Canada
(Utting 1991), and Alaska (Ravn 1991).
This paper deals with the palynology of the Carboniferous interval of the well 7120/2-1 on the Loppa High in
the western Barents Sea.

Regional setting
During the Late Palaeozoic the Barents Sea Shelf area
formed a complex rift-related system of rapidly subsi-

ding basins and more stable platforms (Stemmerik &
Worsley 2000). The Atlantic rift system between Greenland and Norway was first initiated during the latest
Devonian and earliest Carboniferous (Stemmerik et al.
1991), resulting in non-marine sedimentation in narrow, isolated halfgraben (Stemmerik 2000). As Serpukhovian to mid-Bashkirian deposits are generally missing in the western Barents Sea, northern North Atlantic and Greenland, basin subsidence and sedimentation
in this area must have been interrupted (Stemmerik
2000). The presence of reworked early Serpukhovian
palynomorphs into younger Carboniferous strata in
Greenland suggests that uplift and erosion occurred
during the mid-Serpukhovian to mid-Bashkirian
(Stemmerik et al. 1991, Stemmerik 2000). Rifting and
basin subsidence were re-initiated during the mid- to
late Bashkirian, with the main rifting taking place
during the late Bashkirian and early Moscovian, locally
resulting in the deposition of up to 3000m of sediment
(Stemmerik 2000).
The Loppa High is a structural high situated near the
southwestern margin of the Norwegian Barents Sea
(Fig. 1). Major faults separate it from the Bjørnøya
Basin to the west and the Hammerfest Basin to the
south, while to the east it grades into the Bjarmeland
Platform (Stemmerik et al. 1999). The area was affected
by major normal faulting during the TournaisianViséan, and by rifting in the Bashkirian (Stemmerik et
al. 1999). During late Bashkirian to Moscovian the
Loppa High was an easterly dipping platform (Stemmerik et al. 1999). Bashkirian continental to marginal
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Fig. 1. Reconstruction of the Barents Sea region during the Late Palaeozoic with major structural elements, and location of the Loppa High well
7120/2-1 (after Stemmerik et al. 1999).

marine siliciclastics were drowned by a regional transgression, which caused westward and up-dip deposition
of early Moscovian and Kasimovian carbonates. The
Loppa High was subjected to Moscovian to earliest Permian basin subsidence, after which the area was uplifted
during the Early Permian (Stemmerik et al. 1999).
Well 7120/2-1 on the Loppa High was drilled in 1985
and penetrated a sequence of Upper Paleocene, Triassic,
Lower Permian, and Carboniferous strata down to a
depth of 3502m. The interval dealt with in this paper
covers the part of the well, from 3502 to 2035m, which
yielded palynoassemblages of Carboniferous composition. A simplified lithological column, an electric wireline log, and sample types and levels for this interval are
shown in Fig. 2.
The interval 3471-2624m, which ends with a sedimentation break, belongs to the Billefjorden Group, and
consists of non-marine, fluvial and alluvial sediments.
The overlying unit, 2624-2221m, consists of nonmarine, rift-related conglomerates that gradually
become marginal marine. This is the lowermost offs-

hore part of the Gipsdalen Group, and it corresponds
to the Landnørdingsvika Formation on Bjørnøya (L.
Stemmerik, personal communication 2002).
The succeeding unit, 2221-2140m is characterised as
dolomitic sandstone. The succeeding 2140-2065m
interval is characterised by massive dolomites with
interbedded claystone. The overlying unit consists of
claystones and sandstones with minor dolomites from
2065-2023m. A detailed sedimentologic log of the
2240-2125m, and the 2075-1960m intervals is shown in
Stemmerik et al. (1999, Text-Fig. 4). Their log also
shows that marine fossils, i.e. fusilinids, crinoids, corals
and bivalves, are present within the 2240-1960m interval (Stemmerik et al. 1999).

Palynostratigraphic breakdown
The lowermost two ditch cuttings samples, at 3502m
and 3487m, contain dark brown to brownish-black
Early Carboniferous spores. These assemblages are
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The remaining 3467-2035m section has been divided
into nine intervals, A-I in ascending order. The division
is based on the presence and absence of key taxa as
shown in Figs. 3 and 4, as well as abundances of individual taxa or groups of taxa (Fig. 5). Selected taxa are
illustrated in Figs. 6 and 7. The different intervals are
correlated with other palynological assemblages from
the Arctic Region, and with the established palynostratigraphy of Western Europe (Fig. 8).
Interval A:

3467-3427m

early Viséan (V1-2)

Three ditch cuttings samples were studied from this
interval. The interval is distinguished by sparse, low
diversity assemblages. Lycospora pusilla and Acanthotriletes castanea are the most common taxa. The top of the
interval is below the lowest record of Crassispora aculeata at 3420m.
In the absence of Schulzospora spp., the interval is correlated with the Pu Miospore Zone of Western Europe
(Clayton et al. 1977), the Verrucosisporites spp.-Lycospora spp. Assemblage and the Lycospora Abundance
Zone of Greenland (Vigran et al. 1999), and the similar
Lycospora pusilla assemblage of the Finnmark Platform
(Bugge et al. 1995).
Interval B:

3420-3372m

early late Viséan (V3)

This interval includes five ditch cuttings samples. The
assemblages are generally sparse and of low diversity.
The base of this interval is defined by the lowest record
of Crassispora aculeata, and the top is set immediately
below the first record of Triquitrites marginatus. Densosporites spp., and Lycospora pusilla dominate, and Acanthotriletes castanea is a common constituent. Associated
taxa include Apiculatisporites macrurus, Densosporites
aculeatus, Knoxisporites spp. and Microreticulatisporites
concavus. Within this interval Schulzospora spp. is
recorded, which, if in situ, allows correlation with the
Western European TC Miospore Zone of Clayton et al.
(1977). It can probably be correlated with the Perotriletes tessellatus, Schulzospora campyloptera-Diatomozonotriletes saetosus assemblage zone of the Finnmark Platform (Bugge et al. 1995).
Interval C:

Fig. 2. Simplified lithological description of the Loppa High well
7120/2-1, with sample types and levels, and electric wireline log.

regarded as being caved, as the lithology below 3471m
consists of metamorphosed dolerites.

3350-3000m

?mid late Viséan (V3)

This interval comprises nineteen ditch cuttings samples. The base of this interval is set at the lowest record
of Triquitrites marginatus at 3350m. The top of this
interval is below the lowest records of Rotaspora knoxiae at 2980m. Raistrickia nigra also has its lowest
record within this interval at 3100m. The record of Stenozonotriletes triangulus at 3240m may represent caved
material, and is therefore considered non-diagnostic
for correlation.
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Fig. 3b. Stratigraphic distribution of identified palynomorph species.
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Fig. 4. Stratigraphic distribution of taxa placed in open nomenclature.

Based on the lowest record of T. marginatus this interval can be correlated with the Western European NM
Miospore Zone (Clayton 1985). It may thus represent a
time equivalent of the Waltzispora sagittata-Reticulatisporites variolatus Abundance Zone of Northeast Greenland (Vigran et al. 1999), and the Raistrickia nigraPotoniespores delicatus assemblage zone of the Finnmark Platform (Bugge et al. 1995).

Interval D: 2980-2682m mid to late late Viséan (V3)
Twenty-one ditch cuttings samples are included in this
interval. The lowest record of Rotaspora knoxiae at
2980m defines the base of the interval, and the top of
the interval is set at the highest record of Pilosisporites
verutus at 2682m.
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Fig. 5. Quantitative variation of palynomorphs according to parent plant group, and selected groups of taxa.
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Fig. 6. All illustrations x1250. The name of a taxon is followed by the sample number, slide reference letter and England finder coordinates.
A. Microreticulatisporites ?nobilis NH2061.0/X: K36/1. B. Savitrisporites nux NH2062.1/A: V25/1. C. Densosporites duplicatus NH2035.6/B:
K33/2. D. Cristatisporites sp. NH2038.65/B: Y40/1. E. Rugospora sp. RRI2062.0: D42/2. F. Alatisporites pustulatus NH2061/X: B36/4. G. Knoxisporites triradiatus NH2062.1/B: K43/1. H. Discernisporites irregularis NH2062.1/B: E27/4. Proximal face. I. Same specimen as in Fig. 6H,
distal face. J. Diatomozonotriletes ubertus NH2422.4/A: V45/3. K. Diatomozonotriletes saetosus NH2422.4/A: X24/1. L. Circulisporites sp.
NH2060.75/XA: O41/1.
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Fig. 7. All illustrations x1250 unless stated otherwise. The name of a taxon is followed by the sample number, slide reference letter and England
finder coordinates. A. Knoxisporites glomus NH2038.65/B: C24/4. Proximal face. B. Same specimen as in fig. 7A. Distal face. C. Knoxisporites
glomus NH2038.65/B: B25/2. D. Brevitriletes sp. NH2035.6/B: C23/3. E. Punctatisporites sp. NH2422.4/A: N35/3. x500. F. Dictyotriletes sp. cf.
D. muricatus NH2422.4/C: G39/3. x500. G. Crassispora kosankei NH2062.1/B: U37/2. x500. H. Triquitrites bransonii RRI2073.75: R31/4. I.
Schultzospora sp. NH2830/X: F31/3. x500. J. Schultzospora sp. NH2830/X: P19/3. x500. K. Protohaploxypinus sp. NH2062.1/A: T40/2. x500.
L. Protohaploxypinus sp. NH2062.1/A: C26/3. x500. M. Reticulatisporites sp. cf. R. reticulatus NH2422.4/A: M33/2. N. Weylandites sp.
NH2061.0/X: E20/2. O. Striomonosaccites sp. NH2038.65/A: C22/1. P. Cordaitina sp. cf. C. vulgaris NH2062.1/A: N38/3. Q. Columinisporites
heyleri RRI2062.5/M2516: J31/3.
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An additional number of taxa have their lowest records
within this interval: Granulatisporites microgranifer
(2980m), Cingulizonates bialatus (2950m), Tricidarisporites balteolus (2880m), T. fasciculatus (2880m) and
Rotaspora ergonoulii (2870m). Also appearing within
this interval are Reticulatisporites peltatus (2860m) and
Murospora intorta (2702m). Taxa that have not been
registered above this interval are Anapiculatisporites
concinnus (2722m), Lophotriletes commissuralis
(2702m), R. knoxiae (2805m) and Pilosisporites verutus
(2682m).
Since all the samples in this interval are from ditch cuttings, the assemblages might represent caved material.
However, most of the above mentioned taxa are restricted to Interval D, and are therefore probably in situ.
Based on the first occurrences of R. knoxiae, R. ergonoulii, M. intorta and P. verutus the assemblages within
this interval can be correlated with the Western European VF to NC Miospore Zones (Clayton 1985). They
can also be correlated with the Densosporites spp.,
Schulzospora rara-Murospora spp. Abundance Zone of
Northeast Greenland (Vigran et al. 1999), and with the
Raistrickia nigra-Triquitrites marginatus and Tripartites
vetustus-Rotaspora fracta zones of the Finnmark Platform (Bugge et al. 1995).
Interval E:

2645-2630m

The fact that R. ergonoulii, T. vetustus and T. marginatus
have not been recorded above this interval definitely
indicates an age no younger than the TK Miospore
Zone of Western Europe (Clayton et al. 1977; Owens et
al. 1977; Owens et al. 2002). The interval is assigned to
the TK Miospore Zones of western Europe. It is also
correlated with the Triquitrites/Tripartites, Schulzospora
spp., Waltzispora spp. abundance zone of the Finnmark
Platform (Bugge et al. 1995).
2602-2430m

Interval G:

2422.4-2420m

l. Serpukhovian

This interval comprises one sidewall core sample and
one ditch cuttings sample. Cingulizonates loricatus constitutes 2.2% of the palynoflora at 2422.4m and 11.8%
at 2420m. Also present in low number are Potoniespores
delicatus and Grumosisporites varioreticulatus.
According to Clayton et al. (1977) C. loricatus is first
registered in the SS Zone in Western Europe, but they
illustrated it as a constituent of the TK Zone (Clayton
et al. 1977, plate 13). It is reported from the SO Zone of
Great Britain, where Potoniespores delicatus, on the
other hand, has its last occurrence (Turner et al. 1994).
Grumosisporites varioreticulatus is one of the index taxa
of the Crassispora kosankei-Grumosisporites varioreticulatus (KV) Zone of Clayton et al. (1977), but Turner et
al. (1994, 1995) reported it from the preceding SO and
VF Zones in Britain.

early Serpukhovian

This interval spans seven of the deepest core samples,
and also includes one ditch cuttings sample at the top.
Fifty taxa have been registered. The assemblages are
generally dominated by Lycospora pusilla and Densosporites spp. Reticulate fern spores, especially Microreticulatisporites concavus, are common, constituting as much
as 26.3% at 2637.5m. Within this interval R. ergonoulii
(2630m), Tripartites vetustus (2645m) and Triquitrites
marginatus (2642.2m) have their highest records. These
four taxa all have their last occurrences within the Stenozonotriletes triangulus-Rotaspora knoxiae (TK) Miospore Zone of Western Europe (Clayton et al. 1977;
Owens et al. 1977; Owens et al. 2002). The presence of
Reinschospora speciosa is also indicative of the TK Miospore Zone (Owens et al. 2002).

Interval F:

This interval comprises eight ditch cuttings and one
sidewall core sample (2446m), all containing sparse
palynoassemblages. The spores present are all longranging and undiagnostic taxa, dominated by Densosporites spp. and Lycospora pusilla. Acanthotriletes castanea and Apiculatisporis macrurus have their highest
records at 2435m. No age determination can be made
based on these assemblages.

Indeterminate

Based on the above observations the interval is correlated with the late Serpukhovian Lycospora subtriquetraKraeuselisporites ornatus (SO) Miospore Zone of Western Europe. The interval is tentatively correlated with a
Lycospora dominated, low diversity assemblage recorded from the basal part of the Landnørdingsvika Formation, and the Bogevika Member of Kapp Kåre Formation on Bjørnøya (J. Vigran, personal communication 2002).
Interval H:

2402-2118m

Indeterminate

This interval, comprising one ditch cuttings sample and
two sidewall core samples, is virtually barren of palynomorphs. Only a few specimens of Densosporites spp.,
Leiotriletes spp., and Lycospora pusilla have been registered in this interval. A single specimen of Cheiledonites
sp. is the only taxon present in a sidewall core at 2118m.
In the Loppa High well 7120/2-1, Cheiledonites sp. is a
rare constituent in assemblages uphole.
Interval I:

2074.6-2035m

early Moscovian

This interval comprises fifteen core samples, and is distinguished by a large number of taxa, not previously
recorded in the preceding intervals (Figs. 2 & 3). The
sample from 2074.6m is grouped with the succeeding
ones as it contains a single specimen of Wilsonites, but
it is otherwise barren of palynomorphs. The sample
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2064.6m is also barren of palynomorphs, apart from a
single specimen of Protohaploxypinus.

the NJ Miospore Zone in Western Europe (Clayton et
al. 1977).

The samples within this interval can be divided into
two sub-units, I1 and I2, based on the amount of Lycospora. In sub-unit I1 2073.75-2062m, Lycospora pusilla is
dominant in the lowermost part, constituting 52% and
46.6% of the assemblages from 2073.75m and 2063.9m,
respectively, and then decreasing drastically to around
15% in 2062.5-2062m. In sub-unit I2 Lycospora is down
to just above 4% in 2061-2060.75m, and in 2040.42035m it never exceeds 2%.

The co-occurrence of Cadiospora magna, Columnisporites heyleri, Lundbladispora gigantea, Potonieisporites
novicus, Protohaploxypinus spp., Thymospora spp. is
indicative of the late Westphalian to Stephanian SL to
OT Miospore Zones of western Europe (Clayton et al.
1977). Angulisporites splendidus, Knoxisporites glomus,
Savitrisporites camptotus, Striatopodocarpidites spp.,
Vittatina spp. and Weylandites spp. are also typical for
the Stephanian of western Europe (Clayton et al. 1977).
However, many taxa typical of the Upper Westphalian
and Stephanian of western Europe have been recorded
earlier in the Arctic region (Vigran et al. 1999; J. Vigran
personal communication 2002).

Within sub-unit I1 monosaccate pollen assigned to
Potonieisporites and Florinites, taeniate bisaccate pollen
and inconspicuous spores assigned to Thymospora have
their lowest abundances. Other taxa only known from
this level and above are the long-ranging Calamospora
breviradiata, Cyclogranisporites aureus, Punctatisporites
sinuatus and Triquitrites bransonii, and the stratigraphically important Diaphanospora parvigracila, Triquitrites sculptilis, and Vestispora laevigata.
The assemblage from 2073.75m consists mainly of
small spores. Leiotriletes is abundant (12%), but pollengrains are few and poorly preserved. In the sample
from 2063.9m tetrads of L. pusilla are quite common.
In sub-unit I2 the assemblages are dominated by monosaccate pollen (around 30%), taeniate bisaccates, nontaeniate bisaccates and perinate spores. The palynomorphs are well preserved in the lowermost part of the
interval, but are otherwise of average preservation.
D. parvigracila is known from the Westphalian B and C
of the Netherlands and the middle Pennsylvanian of
Iowa and Illinois (Van der Laar & Fermont 1989, and
references therein). Triquitrites sculptilis has its first
occurrence in the Torispora securis-Torispora laevigata
(SL) Zone of the Euramerican province (Clayton et al.
1977; Owens et al. 1978; Marchioni et al. 1994), as does
Vestispora laevigata (Smith & Butterworth 1967; Van
der Laar & Fermont 1989). The latter taxon has, however, been registered in the preceding Microreticulatisporites nobilis-Florinites junior (NJ) Zone of the Donetz
Basin in Russia (Owens et al. 1978), and in equivalent
palynofloras in the USA (Peppers 1996). In the sample
from level 2073.75m Schulzospora is recorded for the
last time. In Western Europe Schulzospora has its last
occurrence in the Radiizonates aligerens Miospore Zone
(Clayton et al. 1977).
Microreticulatisporites nobilis, the key taxon for the
lower boundary of the Western European Microreticulatisporites nobilis-Florinites junior (NJ) Miospore
Zone, is present in low numbers in the assemblages of
interval I. Punctatisporites sinuatus, which occurs in the
lower part of the interval, has its last occurrence within

Based on the presence of Microreticulatisporites nobilis
and Punctatisporites sinuatus, and the highest record of
Schulzospora, this interval can at the oldest be correlated with the Microreticulatisporites nobilis-Florinites
junior (NJ) Miospore Zone of Western Europe. However, there is a possibility that the "older elements" (e.g.
Schulzospora) are reworked. If so, the presence of typical Stephanian taxa, along with the high amounts of
taeniate and non-taeniate bisaccate pollen indicate correlation with the SL to OT Miospore Zones of western
Europe. The interval is tentatively correlated with the
Potonieisporites elegans-Lycospora pusilla assemblage
recorded from the Efuglvika Member of the Kapp Kåre
Formation on Bjørnøya, and the Latensina trileta, Potonieisporites spp.–Triquitrites spp. assemblage on the
Finnmark Platform (J. Vigran, personal communication 2002).

Parent plants and depositional setting
The palynomorph taxa identified in this study are listed
under their probable parent plant affinities in Table 1.
The true botanical affinity is in many cases uncertain,
but a number of taxa recovered in this study can be linked to parent plant groups.
In the interval 3467-2063.9m of the Loppa High well
7120/2-1 lycopod spores generally constitute more than
50% of the palynoassemblages, with alternating dominance of either Densosporites or Lycospora (Fig. 5).
Densosporites regalis and Cingulizonates loricatus have
both been found in situ in Porostrobus, while Cristatisporites and Densosporites sphaerotriangulus have been
found in situ in Sporangiostrobus, which are both probably herbaceous lepidodendralean lycopods (Balme,
1995; S. McLoughlin, personal communications 2002).
Lycospora was produced by arborescent lepidodendracean lycopods, and Crassispora kosankei by an arbores-
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Fig. 8. Palynostratigraphic correlation of the Carboniferous part of the Loppa High well 7120/2-1, and the western European palynostratigraphic zonation, in comparison to other palynofloras of the Arctic Region.
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cent sigillariacean lycopod. Cirratriradites has been
found in situ in Paurodendron, an isoetalean lycopod
(Balme, 1995; S. McLoughlin, personal communications 2002).
These lycopods thrived in warm and wet environments.
An abundance of Densosporites is generally considered
to indicate the presence of raised bogs near or in the
depositional environment. These raised bogs would
receive their water from the atmosphere, rather than
from nutrient-rich ground water, resulting in stumped
growth of the plants that lived there; and thus favouring herbaceous lycopods. The arborescent lycopods
were probably tall trees that did overshadow lower
vegetation (Phillips & DiMichele 1992).
Fern spores commonly constitute more than 20%,
occasionally reaching more than 50%, of the palynoassemblages in this study, while equisetopsid spores are
minor constituents, rarely exceeding 10%. Most of the
ferns were probably small ground covering plants, but
the Marattialeans included columnar trees (GoreckaNowak 2002). Equisetopsids are represented by Vestispora and Columinisporites, which if the perispore is
missing can be referred to Calamospora and Laevigatosporites (Balme 1995). The latter genus is also produced
by marattialean ferns (Balme 1995).
Schopfipollenites ellipsoides is a cycadopsid (seed fern)
prepollen of the Trigonocarpales, which is believed to
have formed an important part of the under-storey of
the Euramerican coal swamps during the Carboniferous (Balme 1995). Other known seed fern prepollen,
but of the order Lagenostomales, are Schulzospora and
Rotaspora (Balme 1995).
Northern Hemisphere pollen assigned to Protohaploxypinus, Vittatina, and apparently also Wilsonites, are
representatives of the ginkgoopsids, and were derived
from peltasperms (Balme 1995). Vesicaspora is known to
be a callistophytalean, ginkgoopsid pollen (Balme 1995).
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Rare specimens of yet another freshwater alga, Circulisporites, were found in samples at 2060.75m, 2702m
and 2742m (Fig. 4).

Climatic indications
Van der Zwan et al. (1985) carried out a multivariate
statistical analysis, in which palynological frequency
data were coupled with climate sensitive rocks such as
coal and evaporite. This enabled them to divide the
Early Carboniferous palynotaxa of Euramerica into
humid, moderately humid, neutral or dry flora elements. The flora element groups of Van der Zwan et al.
(1985) were also used in this study, in order to assess
climatic changes affecting the Loppa High area during
the Carboniferous. However, since the data of Van der
Zwan et al. (1985) only deal with Early Carboniferous,
some of the taxa found in this study had to be grouped
according to different criteria. The flora element
groups used in this study are listed in Table I, and their
quantitative variations plotted in Fig. 9.
Densosporites, Diatomozonotriletes, Triquitrites and
Murospora aurita are characterised as humid flora elements (Van der Zwan et al. 1985). The humid flora elements are generally major components in the interval
below 2420m (Fig. 5). Other species of Murospora are,
however, characterised as moderately humid flora elements, along with among others Cirratriradites, Reticulatisporites, Dictyotriletes, Savitrisporites, Rotaspora and
Tripartites (Van der Zwan et al. 1985). This definitely
suggests that the strata in the interval 3467-2420m were
deposited under humid climatic conditions. The fact
that Densosporites is one of the dominant groups in
most assemblages between 3467-2420m, but a rare
component of the palynofloras above, can be taken as
an indication that the climatic conditions were shifting
from constantly wet towards dry.

Conifers are represented by the cordaitanthalean pollen
genera Florinites and Cordaitina. The latter genus can
also represent coniferaleans, as can specimens assigned
to Potonieisporites (Balme 1995). These pollen genera
all represent plants that colonised better drained, extrabasinal slopes in the Carboniferous, and which thrived
and increased in diversity in the widespread aridity of
the Permian (Rothwell et al. 1997).

While an abundance of taeniate bisaccate glossopterid
pollen in Gondwanan assemblages is taken as an indication of humid conditions, northern hemisphere
microfloras containing abundant taeniate bisaccate
pollen along with pollen assigned to Vittatina spp. are
regarded as indicators of arid climatic conditions (Lenz
et al. 1993). The assemblages in the interval between
2035.00-2062.50m all contain abundant (varying between 10-20%) taeniate bisaccate pollen, while Vittatina
spp. are rare (never exceeding 5%).

Although the upper parts of the Loppa High succession
were deposited in a marginal marine to marine setting,
no marine palynomorphs have been observed in any of
the samples. Specimens of the freshwater alga Botryococcus were observed in samples 2040.4, 2063.9, 2422.4
and 2644, and a single specimen of the freshwater alga
Tetraporina was recorded in sample 2062.5 (Fig. 4).

Decreasing species diversity is often used as an indication of changing climatic conditions from humid
towards dry (see i.e. Lenz et al. 1993; Van der Zwan et
al. 1993). The decrease in species diversity with increasing depth in the Loppa High, however, can be explained as a result of the increase in thermal maturity and,
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is registered around 2750m, and in minor amounts in
the 2959-3471m interval, but that these do not coincide
with the small peaks of dry flora elements. There does
however, appear to be a dominance of neutral flora elements, and a decrease in humid flora elements at those
levels. The amounts of humid flora elements are otherwise especially high (>50%) at levels 2955m, 2940m,
2830-2825m, and 2630m.
The interval between 2230-2410m contains red coloured conglomerate deposits indicating deposition under
a dry climatic regime. Almost all samples from this
interval are barren of palynomorphs.
There is a marked increase in dry and neutral-dry floral
elements in the 2073.75-2035m interval, which also
shows a significant decrease in humid and moderately
humid flora elements (Fig. 9). This indicates that a shift
in the climate from humid to more dry conditions took
place somewhere between the late Serpukhovian and
the Moscovian.

Conclusions
The Carboniferous part of the Loppa High well 7120/21 has been divided into nine intervals, based on spores
and pollen (Fig. 8). These intervals are correlated with
the Western European zonation by Clayton et al.
(1977), and compared with previously described palynoassemblages of the Arctic region. The biostratigraphic breakdown of the Loppa High well 7120/2-1 based
on spores and pollen is as follows:
Billefjorden Group

Fig. 9. Quantitative variations of flora element groups.

early Viséan-early Serpukhovian

• Interval A:
3467-3427m, early Visean Pu Miospore Zone.
• Interval B:
3420-3350m, late Visean TC Miospore Zone.
• Interval C:
3350-3000m, late Visean NM Miospore Zone.
• Interval D:
2980-2682m, late Visean VF to NC Miospore Zone.
• Interval E:
2645-2630m, early Serpukhovian TK Miospore Zone.

hence, increase in number of unidentifiable palynomorphs with depth.

Gipsdalen Group

Fig. 9 shows that the assemblages at and below 2420m
are dominated by neutral and humid flora elements. In
the interval 2410-2450m coal beds are common, further indicating humid conditions. Small amounts of
dry flora elements (5% or less) are present in the intervals around 3000-2950m, 2850-2800m, and around
2640m. It is interesting to note that anhydrite/gypsum

• Interval F:
2602-2430m, indeterminate.
• Interval G:
2422.4-2420m, late Serpukhovian SO Miospore Zone
• Interval H: 2402-2118m, indeterminate.
• Interval I: 2074.6-2035m, early Moscovian NJ
Miospore Zone, possibly SL to OT Miospore Zones
(late Moscovian-early Kasimovian).

?late Serpukhovian-Moscovian
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Table 1. Alphabetical list of taxa

Table I. ALPHABETICAL LIST OF TAXA

Lycopsids
Angulisporites splendidus Bharadwaj 1954
Cingulizonates bialatus (Waltz) Smith & Butterworth 1967
Cingulizonates loricatus (Loose) Butterworth & Smith 1964
Cirratriradites annuliformis Kosanke & Brokaw 1950
Cirratriradites saturni (Ibrahim) Schopf, Wilson & Bentall 1944
Crassispora aculeata Neville 1968
Crassispora kosankei (Potonié & Kremp) Bharadwaj emend. Smith & Butterworth 1967
Crassispora sp.
Cristatisporites spp.
Densosporites aculeatus Playford 1963
Densosporites anulatus (Loose) Smith & Butterworth 1967
Densosporites duplicatus (Naumova) Potonié & Kremp 1956
Densosporites regalis (Bharadwaj & Venkatachala) Smith & Butterworth 1967
Densosporites sphaerotriangularis Kosanke 1950
Densosporites spp.
Discernisporites irregularis Neves 1958
Discernisporites micromanifestus (Hacquebard) Sabry & Neves 1971
Kraeuselisporites ornatus (Neves) Owens, Mishell & Marshall 1976
Lundbladispora gigantea (Alpern) Doubinger 1968
Lundbladispora sp.
Lycospora pusilla (Ibrahim) Somers 1972
Lycospora rotunda (Bharadwaj) Somers 1972
Potoniespores delicatus Playford 1963
Retispora lepidophyta (Kedo) Playford 1976
Spelaeotriletes arenaceus Neves & Owens 1966
Spelaeotriletes pretiosus (Playford) Utting 1987
Spelaeotriletes spp.
Spinozonotriletes uncatus Hacquebard 1957

x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

x
x

x
x

Equisetopsids
Calamospora breviradiata Kosanke 1950
Calamospora liquida Kosanke 1950
Calamospora mutabilis (Loose) Schopf, Wilson & Bentall 1944
Calamospora spp.
Columinisporites heyleri (Doubinger) Alpern & Doubinger 1973
Vestispora costata (Balme) Spode 1967
Vestispora laevigata Wilson & Venkatachala 1963
Vestispora pseudoreticulata Spode 1967
Vestispora tortuosa (Balme) Spode 1967
Filicopsids
Acanthotriletes castanea Butterworth & Williams 1958
Acanthotriletes spp.
Anapiculatisporites concinnus Playford 1962
Anapiculatisporites hispidus Butterworth & Williams 1958
Anapiculatisporites minor (Butterworth & Williams) Smith & Butterworth 1967
Anapiculatisporites spinosus (Kosanke) Potonié & Kremp 1955
Anapiculatisporites sp.
Anaplanisporites baccatus (Hoffmeister, Staplin & Malloy) Smith & Butterworth 1967
Apiculatisporis macrurus (Luber) Potonié & Kremp 1955
Brevitriletes sp.
Cadiospora magna Kosanke 1950
Converrucosisporites armatus (Dybóva & Jachowicz) Smith & Butterworth 1967
Converrucosisporites spp.
Convolutispora cerebra Butterworth & Williams 1958
Convolutispora usitata Playford 1962
Convolutispora spp.
Cyclogranisporites aureus (Loose) Potonié & Kremp 1955
Cyclogranisporites spp.
Diaphanospora parvigracila (Peppers) Ravn 1979
Diatomozonotriletes rarus Playford 1963
Diatomozonotriletes saetosus (Hacquebard & Barss) Hughes & Playford 1961
Diatomozonotriletes ubertus Ishchenko 1956
Diatomozonotriletes sp.
Dictyotriletes bireticulatus (Ibrahim) Smith & Butterworth 1967
Dictyotriletes castanaeformis (Horst) Sullivan 1964
Dictyotriletes sp. cf. D. muricatus (Kosanke) Smith & Butterworth 1967
Dictyotriletes spp.
Foveosporites insculptus Playford 1962
Foveosporites sp.
Granulatisporites granulatus Ibrahim 1933
Granulatisporites microgranifer Ibrahim 1933
Grumosisporites varioreticulatus (Neves) Smith & Butterworth 1967
Hymenospora sp.
Ibrahimispores sp.
Knoxisporites glomus Schwartsman
Knoxisporites stephanephorus Love 1960
Knoxisporites triradiatus Hoffmeister, Staplin & Malloy 1955
Knoxisporites sp. cf. K. stephanephorus Love 1960
Knoxisporites spp.
Laevigatosporites vulgaris Ibrahim 1933
Laevigatosporites spp.
Leiotriletes adnatus (Kosanke) Potonié & Kremp 1955
Leiotriletes tumidus Butterworth & Williams 1958
Leiotriletes spp.
Lophotriletes commissuralis (Kosanke) Potonié & Kremp 1955
Lophotriletes spp

x
x
x
x
x

Lophozonotriletes rarituberculatus (Luber) Kedo 1957
Microreticulatisporites concavus Butterworth & Williams 1958
Microreticulatisporites lunatus Knox 1948
Microreticulatisporites nobilis (Wicher) Knox 1950
Microreticulatisporites spp.
Mooreisporites fustis Neves 1961
Murospora aurita (Waltz) Playford 1962
Murospora intorta (Waltz) Playford 1962
Murospora sp.
Peroaletes spp.
Perotriletes spp.
Pilosisporites verutus Sullivan & Marshall 1966
Polymorphisporites sp.
Punctatisporites sinuatus (Artüz) Neves 1961
Punctatisporites stabilis Playford 1962
Punctatisporites spp.
x Punctatosporites granifer Potonié & Kremp 1956
x Pustulatisporites papillosus (Knox) Potonié & Kremp 1955
Raistrickia fulva Artüz 1957
Raistrickia nigra Love 1960
Raistrickia saetosa (Loose) Schopf, Wilson & Bentall 1944
Raistrickia sp. cf. R. clavata (Hacquebard) Playford 1964
Raistrickia spp.
Reinschospora speciosa (Loose) Schopf, Wilson & Bentall 1944
Reinschospora triangularis Kosanke 1950
Reticulatisporites peltatus Playford 1962
Reticulatisporites sp. cf. R. reticulatus (Ibrahim) Ibrahim1933
Reticulatisporites spp.
Rugospora minuta Neves & Ioannides 1974
Rugospora spp.
Savitrisporites camptotus (Alpern) Doubinger
Savitrisporites concavus Marshall & Smith 1965
Savitrisporites nux (Butterworth & Williams) Smith & Butterworth 1967
Savitrisporites sp.
Secarisporites remotus Neves 1961
Stenozonotriletes triangulus Neves 1961
Thymospora sp.
Tricidarisporites balteolus Sullivan & Marshall 1966
Tricidarisporites fasciculatus (Love) Gueinn in Neves et al. 1973
Tripartites vetustus Schemel 1952
Triquitrites spp.
Triquitrites bransonii Wilson & Hoffmeister 1956
Triquitrites marginatus Hoffmeister, Staplin & Malloy 1955
Triquitrites sculptilis (Balme) Smith & Butterworth 1967
Verruciretusispora magnifica (McGregor) Owens 1971
Verrucosisporites eximius Playford 1962
Verrucosisporites spp.
Waltzispora polita (Hoffmeister, Staplin & Malloy) Smith & Butterworth 1967
Cycadopsids
Alatisporites pustulatus (Ibrahim) Ibrahim 1933
Alatisporites trialatus Kosanke 1950
Alatisporites sp.
Rotaspora knoxiae Butterworth & Williams 1958
Rotaspora ergonoulii (Agrali) Sullivan & Marshall 1966
Schopfipollenites ellipsoides (Ibrahim) Potonié & Kremp 1956
Schulzospora spp.

x
x
x

x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x

Ginkgoopsids
Cheiledonites spp.
Complexisporites spp.
Distriatites spp.
Distriomonosaccites spp.
Gardenasporites spp.
Gutheorlisporites sp.
Illinites spp.
Protohaploxypinus spp.
Striatoabieites spp.
Striatopodocarpidites spp.
Striomonosaccites spp.
Vesicaspora spp.
Vittatina spp.
Weylandites sp.
Wilsonites sp.
Coniferopsids
Cordaitina sp. cf. C. vulgaris (Zauer) Varyukhina ex. Utting 1994
x Cordaitina spp.
Florinites pumicosus (Ibrahim) Schopf, Wilson & Bentall 1944
x Florinites spp.
Latensina sp.
Potonieisporites novicus Bharadwaj 1954
Potonieisporites spp.

Dry

Neutral-dry

Neutral

Moderately hu

Humid

Flora elements

Dry

Neutral-dry

Neutral

Moderately hu

Humid

Flora elements

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

x
x
x
x

x

x
x
x
x
x
x
x
x
x

x
x
x
x
x

Algae and probable algae
Botryococcus sp.
Circulisporites sp.
Tetraporina sp

Table 1. Palynomorph taxa identified in this study, listed alphabetically under headings of probable parent plant affinities. Flora element groups
used in Fig. 9 are after Van der Zwan et al. (1985), except for the neutral-dry element group.
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The palynology indicates that the sedimentation break
at 2624m, which marks the boundary between the Billefjorden Group and the succeeding Gipsdalen Group,
occurred within the Serpukhovian. It is interesting to
note that both the TK and SO zones appear to be represented in the Loppa High succession. In the Barents Sea
area the SO Zone has previously only been documented
on Bjørnøya, whereas the TK Zone is only represented
on the Finnmark Platform (Fig. 8). On the whole the
Early Carboniferous palynoassemblages of the Loppa
High are very similar to the ones from the Finnmark
Platform (Fig. 8).
Loppa High was situated within the Sub-Angaran subprovince (Lenz et al. 1993). The Barents Sea area was
located around 25°N in the Early Carboniferous (Stemmerik 2000). Within this sub-province the climate was
humid during the Tournasian to Namurian (i.e. the
Serpukhovian), and changed to warm and arid during
the Westphalian (i.e. from the late Bashkirian) to Early
Permian, as Pangea drifted northwards (Lenz et al.
1993; Stemmerik 2000). The palynological results of
this study support this interpretation.
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