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Report on palynostratigraphic analysis of sediment samples 

OSL-17-13 to OSL-17-23 

The scope of the study 

The aim of the study is to determine the age of sediment samples by using pollen-

analytical (palynological) investigations. The identification, distribution and abundance 

of palynomorphs can be used to provide chronological control for sedimentary 

sequences and to correlate sedimentary sequences of any age. Especially 

sporomorphs respectively their parent plants evolved at times very rapidly during the 

Phanerozoic since the Devonian, with the result that sporomorphs are characteristic of 

a fairly narrow time range and hence are very useful for stratigraphic studies 

(Traverse, 2007). Therefore, stratigraphic palynology is an accepted and widely used 

method, because the morphological diversity, for example, of pollen and spores as 

well as the rapid evolution of their parent plants predestinate such microfossils as 

index fossils. 

A stratigraphic classification of samples and a distinction between the different 

Paleogene and Neogene series and stages at Spitsbergen based on pollen and 

spores should be possible, because the global climatic changes with warming and 

cooling periods which occurred during this time interval have led to significant changes 

within the composition and diversity of Spitsbergens vegetation. This is directly 

reflected in the pollen rain, which is therefore stratigraphically usable. In addition, 

elements of the marine phytoplankton, in particular dinoflagellate cysts, are excellently 

suited as stratigraphic markers. Nevertheless, the prerequisite is that an appropriate 

number of palynomorphs of sufficient quality is present in the samples, which 

unfortunately is not the case in most of the 10 samples (Tab. 1) that are studied here. 

The stratigraphic classification presented in this report is largely based on the detailed 

palynological studies of Manum (1962) and Cepek and Krutzsch (2001) who described 

samples from the Tertiary record of Spitsbergen between the Upper Cretaceous and 

the Oligocene(?). 

Sample preparation 

Following standard procedures as described by Kaiser and Ashraf (1974) all samples 

were successively treated with hydrochloric acid (HCl), hydrofluoric acid (HF) and 

potassium hydroxide (KOH). The residue was sieved with a mesh size of 10 μm and 

slightly oxidized with diluted hydrogen peroxide (H2O2) to remove flocculating organic 

matter and to improve the transparency of the palynomorphs. 
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The organic content 

Basically, the organic content is very high in the studied samples. However, 

predominantly phytoclasts, mostly woody residues or cuticles, are present, but only few 

or no palynomorphs. The samples OSL-17-15, OSL-17-17, OSl-17-18 and OSL-17-23 

are completely barren of palynomorphs, whereas samples OSL-17-13, OSL-17-19, 

OSL-17-20 and OSL-17-22 contain only single pollen grains in bad preservation, which 

prevents an accurate determination. In sample OSL-17-16 palynomorphs are nearly 

absent, but diatoms occur regularly. Only in sample OSL-17-21 a rich and diverse 

pollen flora is included along with some diatoms. The overview photos in Figs. 1 and 2 

present the palynofacies types of the different samples. 

 

 Fig. 1: Palynofacies of samples: (A) OSL-17-13 with a characteristic content of large 

(>100µm) opaque equidimensional phytoclasts, (B) OSL-17-15 with very large 

equidimensional and blade-shaped semi-opaque to opaque phytoclasts (up to 500µm), 

(C) OSL-17-16 with a mixture of medium-sized (c. 50 µm) opaque, semi-opaque and 

translucent equidimensional phytoclasts, (D) OSL-17-17 with a composition of large (up 

to 250 µm) and mainly translucent to semi-opaque phytoclasts, (E) OSL-17-18 with a 

characteristic content of medium-sized (c. 50 µm) equidimensional and large (> 100µm) 

blade-shaped opaque phytoclasts, (F) OSL-17-19 with few but large (up to 500µm) 

equidimensional and blade-shaped translucent to semi-opaque phytoclasts, (G) OSL-

17-20 with a composition of small- to medium-sized (10 to 100 µm) equidimensional 

opaque, semi-opaque and translucent phytoclasts, (H) OSL-17-21 with few mainly 

equidimensional translucent to opaque phytoclasts (c. 50 µm); Sop: semi-opaque 

phytoclast, Tr: translucent phytoclast, Op: opaque phytoclast. 

Sample No. Description 

OSL-17-13 coal 

OSL-17-15 coal 

OSL-17-16 coal 

OSL-17-17 coal 

OSL-17-18 coal 

OSL-17-19 sandstone 

OSL-17-20 siltstone 

OSL-17-21 siltstone 

OSL-17-22 sandstone, siltstone 

OSL-17-23 sandstone 

Tab. 1: Sample list 
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Fig. 2: Palynofacies of samples: (A) OSL-17-22 with a characteristic content of 

generally small (< 50µm) equidimensional opaque phytoclasts, (B) OSL-17-23 with very 

small equidimensional opaque phytoclasts (< 10µm); Op: opaque phytoclast 

 

Samples OSL-17-15, OSL-17-17, OSL-17-18, OSL-17-23: 

The samples are barren of palynomorphs and contain mainly opaque phytoclasts (Figs. 

1, 2). Therefore, a stratigraphic analysis based on palynomorphs is not possible. 

Sample OSL-17-13: 

A single pollen grain that is poorly preserved was found in this sample (Fig. 3). Because 

of preservation, an obvious botanical assignment is not possible. However, the pollen-

type, probably a tetrad, has strong similarities to Ericaceae pollen. Similar morphotypes 

are described by Manum (1962) as Ericipites sp., Type C. Ericaceae played a notable 

role in the vegetation of Spitsbergen and are important elements within swamp 

environments during the Paleogene (Manum 1962). Nevertheless, as facies elements 

the ericaceous pollen have minor stratigraphic relevance. Ericaceae have been found in 

the Lower to Middle Eocene of Spitsbergen (Cepek and Krutsch 2001), but mostly in 

younger records from the Oligocene and Miocene (Livšic 1974, Boulter and Manum, 

1996). 

The sample is dominated by various diatom species of the genus Stephanopyxis (Figs 4 

A, B), a diatom that is common in Eocene to Oligocene records in the northern 

Norwegian-Greenland Sea (Scherer and Koҫ 1996) but also abundant around the 

Paleocene/Eocene boundary in the North Sea basin (Mitlehner 1996).  
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A stratigraphic classification of the sample due to palynomorphs and diatoms beyond a 

general Paleogene dating is therefore not possible  

 

Fig. 3: Badly preserved palynomorph from 

sample OSL-17-13 representing possibly a tetrad 

of an ericaceous pollen (Ericiptes sp.) 

 

 

 

Fig. 4: Two diatoms of the genus Stephanopyxis from sample OSL-17-13 

Sample OSL-17-16: 

Sample OSL-17-16 is a typical example for the very poor preservation of palynomorphs 

and other microfossils in the studied samples.. Unfortunately, their preservation does 

not allow a precise identification. Characteristic examples are presented in Fig. 5. Two 

of the palynomorphs (Figs. 5 B, C) show the typical oval-elliptical shape and possibly 

also the characteristic dehiscence slit (laesura) of monolete fern spores but they are 

very small. Furthermore, characteristic features of the spore wall such as sculpturing 

patterns are not identifiable. Therefore, the morphological features are too weak to get 
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Fig. 5: Palynomorphs and a diatom from sample OSL-

17-16; (A) diatom fragment (Coscinodiscus/ 

Stephanopyxis), (B), (C) monolete fern spores?, (D) 

?Inaperturopollenites sp. (Cupressaceae) 
 

clear evidence of the mother plants. Thus, based on these palynomorphs stratigraphic 

statements are not possible. 

A third grain (Fig. 5 D) is possibly an inaperturate pollen of the Cupressaceae. They 

have been described by Cepek and Krutzsch (2001) from the Renardodden area and 

were dated as Middle to Upper Eocene. Nevertheless, palynological studies of 

intrabasaltic sediment layers in the lower volcanic series from ODP Leg 104 outer 

Vøring Plateau Hole 642E Cores 102 through 109 in the Norwegian Sea, which were 

dated as Upper Paleocene to Lower Eocene, show also a dominance of pollen of 

Cupressaceae (Boulter and Manum 1989). Mathiesen (1932) described several species 

of such conifers as well as angiosperm leaf megafossils from Kap Dalton and other 

localities in East Greenland and deduced an Early Tertiary (Paleocene-Eocene) age of 

these deposits. 

Some fragments of diatoms have been found in the sample (Fig. 5A), which can be 

identified as Coscinodiscus or Stephanopyxis. Especially Coscinodiscus occurs with a 

number of different species at the Paleocene/Eocene boundary in the North Sea basin 

(Oreshkina 2012). After Gradstein et al. (1988) Coscinodisus spp. has a special 

stratigraphic position, because within the foraminiferal stratigraphy of the Tertiary in the 

North Sea these diatoms are eponymous for the Coscinodiscus zone, which marks the 

Paleocene/Eocene boundary during a time of limited distribution of foraminifers. 

Stephanopyxis can be found in marine records between the Paleocene and the 

Oligocene (Mitlehner 1996, Scherer and Koҫ 1996). 

In summary, based on the available palynological evidence, the assemblage of 

palynomorphs and diatoms may indicate an Upper Paleocene to Upper Eocene age of 
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the sample, but due to the weak evidence that is based on mainly badly preserved 

microfossils, this statement must be considered with caution. 

Samples OSL-17-19, OSL-17-20: 

In each of the two samples only a single pollen grain has been found. Both grains are 

probably inaperturate pollen of the Cupressaceae (Taxodium- or Glyptostrobus-type, 

Inaperturopollenites sp.), whereas especially the poor preservation of the pollen in 

sample OSL-17-19 is too bad to allow an exact botanical assignment (Fig. 6). In 

contrast, the pollen grain in sample OSL-17-20 is relatively well preserved and can be 

identified as a cupressaceous pollen (Fig. 7). 

Taxodium/Glyptostrobus are distributed in Spitsbergen during the complete Paleogene 

Livšic (1974), but especially in the Upper Paleocene and Lower Eocene they are 

dominating elements in the vegetation (Cepek and Krutzsch 2001, see also sample 

OSL-17-16). Nevertheless, the single grains that were found in the two samples do not 

allow a more precise dating than Paleogene. 

Fig. 6: Sample OSL-17-19: 

?Inaperturopollenites sp. 

 

Fig. 7: Sample OSL-17-20: 

Cupressaceae (Taxodium, 

Glyptostrobus, Inaperturopollenites sp. 

 

Sample OSL-17-21 

Among the studied samples OSL-17-21 shows the richest palynoflora and additionally 

some diatoms (Fig. 8). However, the preservation is due to taphonomic processes 

mostly poor (Fig. 8B). Therefore, an exact determination of palynomorphs on species 

level is often impossible. Nevertheless, the assemblage allows a stratigraphic 

classification of the sample. 

The assemblage is dominated by pollen of gymnosperms which are present in high 

diversity. The Pinaceae occur with pollen of Pinus or Cathaya (Pityosporites labdacus, 

(Figs. 8 A-C). Frequent is also the pollen of Tsuga (Fig. 8 D). Manum (1962) described 

these pollen as Tsugaepollenites viridifluminipites from Spitsbergen. Nearly identical 

Tsuga pollen are described as Zonalapollenites neogenicus from the Oligocene and 
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Miocene of the western and central Parathethys (Hochuli 1978). The Cupressaceae are 

also represented with different species. In addition to the pollen of 

Taxodium/Glyptostrobus (Inaperturopollenites sp., Fig. 8 F) Sequoia (Sequoiapollenites 

sp., Fig. 8G) is present in the sample. 

Compared to the gymnosperm pollen the fern spores and pollen grains of angiosperms 

are rare in the sample. Among the spores Leiotriletes sp. (Schizaeaceae, Fig. 8 E) 

occurs regularly, whereas angiosperms are represented only by a single pollen grain 

(Fig. 8 H). It is a monoporate pollen of the Poaceae. Such pollen are so far unknown 

from the Paleogene of Spitsbergen. This may indicate a contamination of the sample 

with an extant pollen or indicates an Oligocene to Miocene age of the sample, since 

fossil records of Poaceae in Scandinavia have only been known since that time (e.g., 

Larsson et al. 2009). Nevertheless, due to a possible contamination this pollen grain 

should not be considered for stratigraphic statements. 

Generally, in the Arctic region it can be distinguished between forests of the older 

Paleogene (Paleocene/Eocene) and forests of the younger Paleogene to Neogene 

(Oligocene/Miocene). The latter are composed of conifers related to Pinus, Picea, 

Tsuga and Taxodium, with a minor element of angiosperms but relatively common ferns 

(Boulter and Manum 1996). This composition is different from the Paleocene/Eocene 

floras that were also rich in conifers, but had a richer and more diverse angiosperm 

element and especially lacked Tsuga relatives (Boulter and Manum 1996). 

Livšic (1974) has analyzed Paleogene deposits on Spitzbergen and provided a fairly 

accurate compilation of pollen assemblages from the Paleocene to the Oligocene. In his 

compilation the ferns spores are diverse in all Paleogene deposits and therefore cannot 

be used as stratigraphically relevant fossils. Among the pollen of gymnosperms 

Taxodium pollen are distributed in the complete Paleogene, but especially in the Upper 

Paleocene and Lower Eocene in high numbers. In sample OSL-17-21 they are present, 

but are not among the dominating elements. Pollen of Tsuga are restricted to the 

younger Paleogene and Miocene (Boulter and Manum 1996). Because of the lack of a 

characteristic equatorial fringe the Tsuga pollen in sample OSL-17-21 and the Tsuga 

pollen described by Manum (1962) from the Sarsbukta locality on Spitsbergn are nearly 

identical. 

 

Fig. 8: Palynomorphs and a diatom from sample OSL-17-21: (A) – (C) Pinaceae 

Pinus or Cathaya (Pityosporites labdacus), (D) Pinaceae, Tsuga (Tsugaepollenites 

viridifluminipites), (E) Schizaeaceae (Leiotriletes sp.), (F) Cupressaceae (Taxodium-, 

Glyptostrobus-type, Inaperturopollenites ssp.), (G) Cupressaceae, Sequoia 

(Sequoiapollenites sp.), (H) Poaceae (Graminidites sp.), (I) diatom fragment 
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The pollen assemblage of Sarsbukta was dated by Boulter and Manum (1996) as 

Middle Oligocene and by Cepek and Krutzsch (2001) as Upper Eocene to Lower 

Oligocene. Today, Tsuga lives in cool, dark and humid conditions and favored therefore 

the climate conditions of the high Arctic during the Oligocene and Miocene (Boulter and 

Manum 1996). They were not distributed in Spitsbergen during the relatively warm 

climatic optima of the Upper Paleocene and Lower and Middle Eocene. 

Among the Angiosperm pollen especially pollen of Ulmus, Corylus and Erica are 

according to Livšic (1974) restricted to the Oligocene. The relative diverse mixed forest 

on Spitsbergen for Paleogene and Eocene times, which has been described by Cepek 

and Krutzsch (2001), is composed of Normapolles elements such as Trudopollis or 

Triatriopollenites in the Paleocene and of Alnus, Juglans, Carya, Pterocarya and further 

elements which are represented by diverse tricolpate and tricolporate pollen during the 

Eocene. An occurrence of Poaceae in the older and younger forest communities has 

not been described so far. Therefore, stratigraphically relevant angiosperm pollen are 

not included in the sample. 

In conclusion, especially the occurrence of Tsuga pollen and the abundant evidences of 

other conifer pollen strongly indicate a Lower to Middle Oligocene age of the sample. 

Nevertheless, the absence of angiosperm pollen should be mentioned, which would 

have significantly supported an exact dating.  

Sample OSL-17-22: 

Similar as in sample OSL-17-19 only a single poorly preserved pollen of 

the Cupressaceae (Taxodium- or Glyptostrobus-type, 

Inaperturopollenites sp.) has been recognized. Taxodium/Glyptostrobus 

are distributed in Spitsbergen during the complete Paleogene (Livšic 

1974), Therefore, the single grain does not allow a more precise dating 

than Paleogene 

Fig. 9: Sample OSL-17-22: ?Inaperturopollenites sp. 

Overall view of the results 

The sediments from the Paleogene of Spitsbergen are often barren of palynomorphs or 

contain only a few, often poorly preserved, taxa, which do not allow a precise 

stratigraphic assignment that is more detailed than a general Paleogene classification 

(Cepek and Krutzsch 2001). Accordingly, four of the samples, which were studied here, 

are completely barren of palynomorphs and another five samples are characterized by 

such a small number of palynomorphs that an exact stratigraphic dating is hardly 

possible. Only one of the samples, sample OSL-17-21, is characterized by a diverse 
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palynoflora. The assemblage points clearly to a stratigraphic age of the sample between 

the Lower and Middle Oligocene. This sample would also allow a detailed quantitative 

study of the pollen and spore inventory for a detailed reconstruction of the 

paleoenvironment of a coastal vegetation. 
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