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Palynomorphs (excluding pollen and spores) as paleao-environmental indicators in 

the Paleocene-Eocene Thermal Maximum, Cobham, Kent, UK 

 

Abstract 

The PETM was an intense period of warming.  In this report the study of non-pollen and spore 

palynomorphs was undertaken of the Cobham Lignite beds, which has already been studied for 

conventional paleaoenvironmental indicators (Pollen, Spores and Inertinite) in this period.  To 

gain data using other palynomorphs (e.g.fungi and algae) a criteria was devised and was 

implemented.  Evidence for fire regimes preceding the PETM was found and an increase in 

fungal spores, as well as a recovering algal cyst population was found to occur after the onset of 

the PETM. 

 

Introduction 

The Palaeocene–Eocene Thermal Maximum (hereafter referred to as PETM) was a relatively short 

lived global warming event lasting between 100-250ka (Sluijs et al., 2007) which occurred around 

55 million years ago (Zachos et. al. 2003). It is one of the most abrupt and transient climatic 

events documented in the geologic record and it is widely considered that it was caused by the 

mass release of methane gas hydrates from continental shelf deposits (Thomas et. al. 2002) 

 

Palynomorphs are microscopic organic remains, the study of which is known as palynology.  This 

normally concerns the study of plant pollen and spores due to their high preservation potential, 

well documented distinguishing characteristics and extensive reference materials.  Non-

pollen/spore palynomorphs are mostly of unknown taxonomical affinity; as such they are rarely 

studied as identification is time-consuming and consequently is often not feasible or sometimes 
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not required due to the presence known indicators.  Non-pollen and spore palynomorphs can be 

used determine past environments through the use of modern proxies from known environments, 

and through various other means.  In this report I shall also compare the information previously 

gathered from conventional palynological studies on the same samples (Collinson et. al. 2003) 

 

Cobham is a village, and parish, located in the North of the county Kent, England (Fig.1.).  It lends 

its name to Cobham lignite beds. 

 

 

The Cobham lignite beds represent the first 10ka of the PETM, indicated by the negative Carbon 

Isotope Excursion (CIE) (Pancost et. al. 2007).  The pollen and spores have been analysed to 

determine the palaeoenvironment (Collinson et. al, 2009).  The Woolwich shell beds overlie the 

lignite and contain the Apectodinium dinoflagellate acme, and hence are within the PETM (Kahn 

and Aubry, 2004).  The palynomorphs of the Woolwich shell beds have not yet been studied.  

Within this report I will examine the Non-pollen and spore palynomorphs of the Cobham Lignite 

and adjacent beds in order to gain a better understanding of the conditions of the PETM, and the 

environmental changes subsequent to the onset of the PETM in the warm period that followed.  

 

Fig.1. Location of Cobham in Kent 
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Aims 

The aim of the project is to examine the non-pollen or spore palynomorphs (eg. algal cysts, cuticle 

fragments, arthropod eggs, fungal spores etc.) in order to gain a better understanding of the 

conditions of the PETM, and the environmental changes subsequent to the onset of the PETM in 

the remained or the warm period. 

 

Methods 

Sample collection 

An in depth account of the sample collection and preparation can be found in Collinson et al. 

(2003).  A brief summary of the relevant collection methods and techniques used follows;  

Samples of the Cobham Lignite bed were removed from an outcrop at Scalers Hill, just north of the 

village of Cobham, in late 1999 /early 2000.  The outcrop was temporarily exposed at this time due 

to excavations made for the Channel Tunnel Rail Link (CTRL) (Fig.2.) being developed (the path of 

which can be seen on Fig.1.). 

 

Fig.2. North side of the CTRL cutting at Scalers Hill, depicting the main units discussed in this report. Arrow 
points to the thin middle clay separating the laminated lignite below, from the blocky lignite above. Heavy 
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black line marks irregular junction between the sand and mud unit and underlying Upnor Formation (not 
studied). Spade and adjacent scale bar are approximately 1 m high. 

 

Due to the time constraints, rather than subsample in the field, the samples (continuous block 

cores with intact stratigraphy) were encased within field plaster jackets for transport to the 

laboratory where they could be then subsampled for initial analysis of carbon isotopes (Pancost et. 

al. 2007).  This was done to verify the onset of the PETM which is indicated by an abrupt change to 

negative δ13C excursion values (including Hopanes) (Collinson et al. 2003) 

 

Preparation 

The slides created for the in depth palynological analyses are described in Collinson et. al. (2009) 

and are the materials used in this report.  The slides were prepared by Sharon Gibbons using the 

facilities of the palaeontology lab at Royal Holloway, University of London.  The following 

technique was used and creates durable slides with palynomorphs in similar orientations; 

 Approximately 5g sediment samples subsampled (precise amounts were measured and 

recorded) 

 Digested using hydrochloric and hydrofluoric acid 

 Half of the residue was stored and half underwent further preparation 

 Mixed with a known volume of water 

 Mixed with 5ml of nitric acid for 1 minute in a warm bath, 

 Excess water added to halt reactions 

 Samples centrifuged, suspended and rinsed until supernatant became colourless 

 Further treated with 10% potassium hydroxide 

 Excess water added to halt reactions 

 Samples centrifuged, resuspended and rinsed until supernatant became colourless 

 Sieved to remove material below 5μm in size 

 Remaining material above 5μm resuspended in a known volume of water 

 100μl of the water with suspended sample transferred to a coverslip on a hot plate 
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 2 drops of polyvinyl acetate solution added and mixed with the solution on the coverslip 

and left to evaporate off water 

 Pertropoxy resin mounting medium used to attach coverslip to a microscope slide 

 2 slides made per sample for backup and extra material should it be required. 

From this method the slides have a known volume of original sample on each slide.  This data was 

provided by Collinson. 

 

Microscopy 

During the initial identification of palynomoprphs and the counting, slides were observed under a 

Carl Zeiss Standard Laboratory Microscope using transmitted light.   

 

Initial Identification of palynomorphs 

2 or more samples from each stratrigraphic unit, except the clay units (which only had 1 sample) 

were first of all studied without quantification.  Generally the x25 objective lens was used to 

examine the slides in a sweeping pattern until an interesting, or unidentifiable object was 

encountered.  The object’s position on the slide would then be determined using an England 

finder, this and details of the object (possibly including a sketch) would be noted.  The x40 

objective was routinely used to gain more detailed views.  Using this data the object types could 

be identified using reference materials (van Hoave and Hendrikse, 1998) or through 

correspondence with Collinson.  This ensured that most of the palynomorphs in the samples had 

been encountered and identified before beginning quantitative measurement. 

 

England finder 

The England Finder is a glass slide with a grid pattern marked over the top surface in a way that a 

referenced position can be directly read relative to the locating edges.  Its references are: starting 
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from the bottom right, A-Z (excluding I) on the upright axis, and 1-75 on the horizontal.Eeach grid 

square is then broken into a further 5 sections (a central circle and 4 sections for each corner of 

the grid) (see Fig.3.)  Due to slight variations between the size of the sample slide and the finder 

slide the alignment of the locating edges must be recorded. (In this report they are all to the 

bottom right, unless otherwise stated). 

 

 

 

 

To use it, the object to be recorded is manoeuvred into the centre of the field of vision, the slide is 

then removed and replaced with the finder in the same position (being careful not to move the 

stage).  When in use on the microscope stage, the arrows on the England finder should face 

towards the user, and the arrows on the sample slide should face away. The grid square and 

location within the grid are recorded. This may be accompanied by a quick sketch of its location 

England finder Co-Ordinates e.g. 

Blue – Z2 

Green – Y2-2 

Red – Y1-3/4 

Orange – Z1-2 / Z2-1 

Fig.3. Diagram showing a close-up of an England finder 

grid and its approximate size and location on an actual 

England finder. The coloured spots correspond to the 

co-ordinates in the box above. 
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within the grid to easily find small objects again.  All references to objects in this report are given 

in the format ‘slide number’; ‘England finder reference’ (e.g. SH18; R40-4) 

 

Photomicroscopy 

Notable specimens were captured using a Nikon Microphot FX, with a Nikon DS-5M camera and 

DS-L1 Camera Control Unit.  Images were saved as 2560 x 1920 pixels JPEG (Joint Photographic 

Experts Group) files and edited using Corel Paint Shop Pro for presentation in this report.  

Photographs were also used to identify some of the more complex samples where sketches were 

insufficient. 

 

Counting 

In order to calculate the number of objects per slide to be counted, a rarefaction analysis was 

undertaken, to measure sample richness and ensure that the data is representative.  From this 

curve it was calculated that 200 objects per slide would be a representative sample (see Fig.?.) 

results). 

Samples were selected so that each stratigraphic unit was represented, except the Basal Sand and 

Mud unit. Particular attention was paid to the Upper Laminated Lignite as that includes the onset 

of the PETM. 

 

After identifying the non-pollen and spore palynomorphs present and determining which slides to 

gain data from, the objects were tallied by traversing across the middle and either side of the 

middle point.  This was done because the heavier material tends to remain in the middle where it 

is deposited on the cover slip and more of the finer material settles out towards the edges (see 

Fig. 4.).  
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To ensure that the slide was viewed along the same horizontal line, the England finder was 

employed once again and the palynomorphs were counted in a x25 “field of view” area with the 

horizontal lines denoted E, M and U in the centre.  This was changed to F, M and T on later slides 

where the transects E and U contained little or no material along them.  In order to identify 

objects, the x40 objective lens was often used, if the vertical position of the slide was altered 

whilst closely examining an object, then the England finder would be used to re-adjust it back onto 

the appropriate letter transect.  If 200 objects were not counted by the end of the 3 transects, 

further transects were undertaken, ensuring that there was at least a letter between each covered 

transect (e.g. Q, J, O, G, S) to avoid repeat counts of the same samples.  This was continued until 

the target of 200 was reached.  The grid square where the last sample was found is recorded.  

  

If a palynomorph is not present along these lines, but has been observed previously within the 

sample it is marked with a “p”.  This indicates a presence of below 0.5% within the sample. 

Should a slide contain fewer objects than the amount that is decided to be counted, then the 

whole slide is counted, taking additional care to not to repeatedly count objects. 

 

Results 

Present Palynomorphs and indentifying characteristics 

A plate containing the main palynomorphs is overleaf. 

Fig.4. Diagram of a slide indicating the 

pattern of object dispersal (simplified) 
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Fig .5. 
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Fig.5. continued 

 

Fig .?.  Non-Pollen and Spore Palynomorphs encountered and counted in the studied samples All 

specimens on previous page abide by the same scale 1. oval shaped Closed Algal Cyst, possibly 

Spirogyra sp. (SW16; T34-3), 2. Open oval shaped Algal Cyst (SH25; N41), 3. A couple of Closed 

Algal Cysts clearly displaying dehiscence lines (SH18; Q34), 4. open Algal Cyst (SW16; T41-1), 5. 

Ornate algal cyst (SH18; W44-4) 6, 7, 8 and 9.  Septate Fungal Spore 6. (Sh23; J36) 7. (SH18; R40-

3/4) 8. (SH27; K35) 9. also contains pollen ( 10. Non–septate Fungal Spore (SH18; D37-2) 11. 

Brachysporum (SH18; W45-1) 12. Small, non-septate fungal hyphae (SH18; W44) 13. Septate 

fungal hyphae (SH23; J43-3) 14. Colourless, non-septate fungal hyphae (SH18; R41-4) 15. 

Uncharred Conifer Xylem (SH25; T28), 16. Charred Conifer xylem (SH25; U28), 17. Uncharred 

annular Xylem (SH18; T39-3) 18. Charred Annular xylem (SH9; H38) 19. Charred annular or 

possible fern xylem (SH18; S42-2) 20. Typical Leaf Cuticle (SH18; D37-1) 

 

After examining the samples in detail, the main objects present were determined as: 

1. Freshwater Algal cysts 

These are the resting cysts of algae composed of the resistant material algaenan.  They 

indicate an open freshwater environment.  3 main types were observed: 

o Smooth, closed - the most abundant algal cyst, a featureless pale yellow sack, often 

exhibiting an ‘S’ shaped line running just offset of its longest axis (dehiscence line) 

(Fig.5. specimens 3. and 1.) 

o Smooth, open – as the closed cyst, but split along its dehiscence line, indicating 

germination. (Fig.5.specimens 2. and 4.) 
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o Ornate – Very similar to the smooth algal cyst, but look as though it is folded upon itself 

many times, giving a creased appearance.  Because of these creases a dehiscence line is 

not visible, and the cysts have not been observed open. (Fig.5.specimen 5.) 

2. Fungal spores 

Reproductive dispersal structures of fungi.  In appearance they are also relatively featureless, 

and rich dark brown in colour.  3 main types were recorded 

o Isolate non-septate – simple small, usually oval shaped object, distinguishable from 

some similar trilete spores by its lack of any surface ornament. (Fig.5.specimen 10.) 

o Isolate septate – Chambered spores, otherwise similar to the non-septate variety. 

(Fig.5.specimens, 6,7,8 and 9) 

o Chains – multiple fungal spores attached together in a linear pattern, a complete chain 

was regarded as 1 object. 

Other fungal spore types were found but their abundance is negligible.  None were found on 

any of the transects, consequently they were not recorded.  These spores include the non-

septate Brachysporum (Fig.5.specimen 10.SH18; W45-1) characterised by two darker 

attachment structures at each end (van Hoave and Hendrikse, 1998) and an overall more 

rounded appearance than other fungal spores found in the samples.  Another spore seems to 

branch towards its thinner end (Fig.5.specimen 7. SH18; R39 and U43-1/3) this unusual septate 

spore type was thought to be of significance, but could not be found in any literature, so Dr. 

Bas van Geel was consulted, it was his opinion that they may be normal septate spores which 

have been damaged in a way that makes it appear they have two ‘legs’ (split at one end and 

conjugated at the apex) but the was spore’s identification was not obtainable.  Although fungal 

spores originate in a terrestrial environment, its depositional environment may be lacustrine 

due to transport into this setting. 
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3. Fungal hyphae 

Branching filamentous cells.  Distinguishable from root structures as they branch into two 

equal parts and do not thin towards their end.  These are indicative of a terrestrial 

environment in which decomposition is taking place, and unlike the spores are not readily 

transported.  There is evidence of fungi/plant interaction from SEM images of charcoal 

showing impressions of hyphae on cell walls (Collinson et. al, 2007).  The types of hyphae 

recorded were 

o Non septate, dark brown – the smallest of the hyphae (appearing as hair thin lines even 

at x40), rarely branching (Fig.5.specimen 12.) 

o Septate, dark brown – generally smaller than the colourless hyphae, split into segments 

(Fig.5.specimen 13.) 

o Colourless (or pale yellow) (non septate) - largest of the hyphae, resembles a collapsed 

tube (many folds in it) (Fig.5.specimen 14.) 

4. Plant material 

Charcoal has already previously been analysed for abundance of fragments by Collinson et. al 

2009.  In this study, in an effort to document and confirm the proposed increase in conifer 

plants with the PETM (from pollen information, Collinson et. al. 2009).  Where charcoal xylem 

identification was possible the results were recorded.  Charcoal was identified by it being an 

opaque black structure with well defined edges.  The charcoal could be identified as either: 

o Annular – with a network mesh lattice or ladder like structure (Fig.5.specimen 18.) 

o Conifer – bordered pit style xylem (Fig.5.specimen 16.) 

It is possible that some of the counted annular material is misidentified fern material. 

(Fig.5.specimen 19.).  The non-charred material was counted similarly, although material was 

often much harder to distinguish.  This was not to say that the material had not seen any influence 
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from fire, it may have been slightly charred, but this was not evident in the material.   The other 

plant materials encountered are as follows: 

o Xylem - again, annular (Fig.5.specimen 17.) and conifer material recorded 

(Fig.5.specimen 15.) 

o Cuticle – leaf material showing well defined cells (Fig.5.specimen 20.) 

o Other indistinguishable plant tissue – including herbaceous tissue, shed leaves and 

the like.  Many of the slides contained this in high amounts, and due to the nature 

of the material is very hard to distinguish individual objects.  For these reasons it 

was not counted, but its presence was noted (herbaceous material was present in 

all the slides even if only in very small amounts, e.g. clays).  The image below (Fig.6.) 

shows a typical field of view in the samples from the Upper Laminated Lignite 

demonstrating the high proportion of plant tissue material. 

 

5. Arthropod Fragments 

Although very rare, arthropod fragments were encountered.  These were all very different, 

due to the massive variations of insects and araneids, and many different body parts of insects. 

As such general identification scheme could not be defined.  Like the plant tissue these were 

Fig.6. (SH28; M35) 

Image depicting lage 

amounts of plant material. 

Other objects: 

a. Septate Hyphae 

b. Undissolved Silica 

 

 

100µm 

a.   

b.  
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noted, but not included in the counts (due to their very low presence, large differences in 

morphology from object to object and the possibility of modern contamination). Examples of 

insect fragments can be seen in Fig.7.  Possible insect heads showing compound eyes were 

found in SH10; P35 (shown below), N37 and K37-4 (it is also possible that these are Pine Pollen 

grains, and a source of modern contamination) 

 

Fig.7. Possible arthropod fragments, left – araneid mandible (SH18; R40), centre - insect 

head/(more likely) pine pollen (SH10; P35), right - arthropod exoskeleton fragment (with hairs and 

hairlets) (SH10; K45) 

6. Items not to be studied 

It was also important to establish the objects to be ignored, and be familiar with them. 

o Pollen and Plant Spores – as mentioned before these objects have been studied 

previously.  An identifying feature that they both share is that they may show complex 

ornament on the sporopollenin case.  Pollen can be characterised by pores and colpi 

and plant spores can be determined by trilete markings on their spore walls.  An in 

depth study of the pollen and spores found in these units can be found by Collinson et. 

al. 2009 

o Dinoflagellates – these were present (as expected) in the Woolwich Shell beds  
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Due to their morphology they tended to stick to other objects (as in the picture on the 

right).   Dinoflagellates were not included in count data due to the fact that they have 

already been studied, they are only present in the Woolwich Shell Beds, and there were 

too few observed to warrant analysis. 

o Artefacts – Green lines are often seen around charcoal fragments (Fig.9.) these are 

where a bubble has formed within the resin, and the contact between resin and bubble 

appears green.  Silica grains from the original rock may not have been dissolved in the 

original slide preparation; these appear at different focal distances to other objects 

(Fig.9.) Bubbles in the resin are sometimes present, these are easily recognised by their 

round appearance, and affect on light passing through the slide, objects within the 

bubble appear distorted and at a different focal distance to objects in the resin. 

 

o Contaminants – Most likely introduced during the sample collection or preparation 

stage.  These may be biological in nature, making them hard to distinguish as 

contamination.  The main identifying factor is its colour, as much of the material in the 

50µm 

50µm 

Fig.8. – Two images of 

dinoflagellates both from the 

Woolwich Shell Beds (SW16) 

Left – T34-3 

Right – M40-4 

Fig.9. Artefacts  
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samples appear as shades of pale yellow.  Some contaminants are very obvious such as 

metals, they appear as an objects of varying sizes with abrupt edges, in multitude of 

colours (blues and greens) (Fig.10.). 

  ( Fig.10. Possible metal contamination)  

After the initial overview of the samples it was decided that count data would be attained from 

samples SW16 (Woolwich Shell Beds), SH18 (Blocky Lignite), SH10 (Middle Clay), SH27 and SH25 

(Upper Laminated Lignite), SH46 (Laminated Lignite) and SW3 (Basal Clay). 

 

Determining Number of Objects to be Counted 

In order to calculate the number of objects per slide to be counted, a rarefaction analysis was 

undertaken, to measure sample richness and ensure that the data is representative.  From this 

curve it was calculated that 200 objects per slide would be a representative sample (see Fig.11.). 

100µm 
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Count results 

The raw data from the counts can be found in appendix A. The data was grouped according to 

object type for presentation in Fig.12. 
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(Fig.11.) Rarefaction data from slides containing material from the Blocky Lignite and Upper Laminated Lignite.  

The dotted line represents the number of samples to be counted per slide (200) a rounded number which cover 

over 90% of the possible samples which could be encountered. 

(Fig.12.) Count data converted into number of object plotted onto graph (right side) with δ13C values for Hopane 

and Bulk Organic Matter on the left of the lithology.  The horizontal line across the entire graph indicates the 

onset on the PETM. (µg of sediment per transect provided by Collinson, can be found in Appendix C). 
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(Fig.13.) “Pollen Diagram” style chart showing the number of objects per µm of sediment.  Samples before the PETM (shaded background) are below 

the maximum negative CIE values in Bulk organic matter and Hopanes (Indicated on the left of the column illustrating lithologies)  The marks under 

the small column labelled ‘S’ indicate the depths at which samples were taken. A larger version of this image is available in appendix B. 
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

SW- 16 (WSB)

SH - 18 (Blocky Lignite)

SH - 10 (MC)

SH - 27 (U. Lam. Lignite)

SH - 25 (U. Lam. Lignite) PETM

SH - 46 (Lam. Lignite)

SH - 3 (BC)

Charcoal Plant Tissue Fungal Spores Fungal Hyphae Algal Cysts

Another means of displaying abundance is through 

displaying the percentage of material for each sample, 

as in Fig.14. above (grouped according to object type).   

 

 

Through correspondence with Dr. Nathalie 

Grassineau, the percentage carbon data for the 

samples was obtained.  This was calculated from 

unpublished raw data (Appendix C) used to determine 

the CIE in Pancost et. al. 2007. 

As can be seen in Fig.15. (left) and as would be 

expected, the clays have a very low proportion of 

carbon material, and the lignites have a much higher 

amount.  In order to take this into account, the 

number of objects per µg of carbon was calculated 

and plot onto the graph overleaf (Fig.16.) 

Fig.15. Percentage Carbon Data 
MC = Middle Clay 
BC = Basal Clay 

 

Fig.14. – The percentages of objects present in observed samples 
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(Fig.16.) “Pollen Diagram” style chart showing the number of objects per µm of carbon (assuming that objects are made entirely of carbon) Omits the 

samples SW3 and SW16 as there was no available carbon data for them.  Shaded area shows before the PETM (indicated by the CIE on the far left graph) 

A larger version of this image is available in appendix B. 
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Analysis 

One of the most prominent features seen in the data is a large increase in fungal material just 

after the PETM.  This is most probably due to the rapid change in climate associated with this time, 

causing the area to become drier, favouring the fungi.  This is also supported by the reduction in 

algal material, suggesting a reduction in open water.  There is still a large amount of fungal 

material deposited within the blocky lignite, but this is entirely surpassed by the amount of algal 

material deposited at this time (indicated well on Fig.17. below).  

 

 

 

It is worth noting however that although there are large numbers of algal cysts being deposited at 

this time, only a very small percentage of them show evidence of opening (13% in the blocky 

lignite).  This could be due to favourable conditions for reproduction nearby (upstream or in the 

same body of water) and poor conditions in the site of deposition (could be due to a number of 

Fig.17.  Graph comparing the percentages of types of fungal material to types of 

algal cysts.  The dark lines separate the 3 types of material present (from left to 

right) fungal spores, fungal hyphae and algal cysts 
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factors).  This is contrary to the Upper Laminated Lignite where fewer algal cysts were produced, 

but more germinated. 

The increase in fungal material observed towards the onset of the PETM could also be attributed 

to the diversification of the plant community, thereby indicating the end of the fire prone regime 

(described in Collinson et. al. 2007 & 2009). 

 

The abrupt changes in environment, and especially the change in the dominant non-pollen 

palynomorph from algae to fungi, back to algae suggests a very brief period of intense warming, 

followed by a return to conditions similar to earlier ones.  This is not necessarily surprising as the 

Apectodinium acme spans the units and so a return to conditions suitable for Apectodinium is to 

be expected. (Collinson et. al. 2009) 

 

The amount of plant material per µg of sediment decreases throughout the section with a small 

increase in material just after the PETM.  When the percentage carbon is taken into account 

(Fig.?.) it can be seen that there is a small rise in the Blocky lignite.  The high proportion of well 

preserved charcoalified material in the Laminated Lignite support the episodic fire regime 

identified by Collinson et. al. (2007) as taking place prior to the PETM. 

 

The finding that there is little charcoalified material in the upper laminated lignite layer 

corresponds to the findings of Collinson et. al. (2007) who describe a fire regime before the onset 

of the PETM. The anomalously large proportion of charcoalified material in the middle clay may be 

due to the lower rate of sedimentation for clays, with the continued deposition of charcoals at a 

similar rate. 
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Fig.18. .  Graph comparing the percentages of the recorded types of plant material 

 

The ratio of well preserved charcoalified material to all charcoal could vary due to preferential 

transport i.e. the lighter, small well preserved materials could have become airborne and ended 

up in the clay forming low energy environment.  Collinson et. al.’s 2007 study of episodic fire 

found inertinite rich and poor layers concluded that smaller particles (<5-10µm) were most likely 

deposited after aeolian transport and originating from regional fires. 

 

Changes in organisms deposited could have had an affect on the CIE, as different organisms 

uptake isotopes of carbon with different preference.  This would have to be verified by analysing 

the isotopic carbon ratio for individual deposited materials. 

 

Discussion 

Sources of error 

There is much variation in possible contamination which may have been introduced in the 

sampling or preparation stage.  I do not believe it to affect the validity of the results (the number 
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of possible contaminants was never above ~1%) however it may have affected the count of 

transparent non-septate fungal hyphae, as similar  

 

Distinguishing individual objects from types like hyphae, is difficult due to their morphologies; they 

may appear in a bundle or knotted type arrangement with one or more other objects.  These 

bundles were counted as one object (unless a clear break in the structure was observed) but it is 

possible that these were not individual objects. 

 

In samples with a high proportion of material, it is probable that some objects were covered by 

others completely obscuring them from view.  This source of error is indeterminable and so cannot 

be calculated. 

 

It is unclear whether deposited algal cysts could become open after deposition without 

germinating, due to damage or other influences.  This could have resulted in an overestimation of 

germinated algal cysts. 

 

The percentage carbon information provided to me by Dr. Nathalie Grassineau originates from the 

analysis undertaken to determine the CIE (Pancost et. al. 2007), as this data was not intended to 

be used in the manner that it has been for this report, it is possible that the samples with high 

carbon were preferentially taken to aid in establishing the δ13C. 

 

Areas for Further study 
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There were some cases where stomata were visible on preserved cuticle within the samples, but 

the species could not be determined, and also there was not enough cuticle material to be able to 

make a clear comparison between units, or indeed estimate CO2 for even one unit. 

 

In order to gain a proportion of charred to uncharred material, all the uncharred plant material 

could be quantified and compared to the total charcoal counts available in Collinson et. al. 2009. 

 

The asexual viability percentage of modern algae in different conditions would aid in 

palaeoenvironment reconstruction, as they could be applied to the algal cysts found in the 

samples.  Similarities between organisms were observed with the study of non-pollens from the 

Everglades (Chmura et. al., 2006) 

 

Limitations of the study restricted the resolution to 7 samples across the all of the lithologies.  The 

positions across the lithologies were representative, nonetheless more need to be taken in the 

Blocky lignite to establish any trends.  More samples from either side of the PETM onset need to 

be examined in order to further establish and confirm the changes noted in this and other studies. 

 

The data collected is of high enough quality to draw conclusions from.  Should an in depth 

identification scheme or greater reference material be available in the future, the project could be 

improved upon by further dividing the categories studied in this project, as species identification is 

limited, which allows general conclusions to be drawn but not exact environments to be 

determined. 
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Conclusions 

Non-pollen and spore palynomorphs have proven to be a useful indicator of palaeoenvironments. 

A marked difference in non-pollen and spore palynomorphs was noted at the onset of the PETM; 

there was a decrease in charcoal up the Laminated Lignite layer such that (with the exception of 

the thin middle clay layer) charcoalified material desists after the PETM supporting the presence 

and cessation of the fire regimes identified. 

Algal cysts and Fungal spores have an inverse relationship, determined by what appears to be a 

warming climate (and the aspects associated with the fire regime and water level).  As there is an 

increase in the number of fungal spores just after the PETM there is a decrease in algal cysts. 

The temporary increase in fungal spores after the PETM may indicate an increase in plant diversity 

due to the detrital material associated which is required for fungal growth.  Although, further 

investigation into non-pollen and spore palynomorphs is needed to establish and correlate the 

results of these indicators with other studies. 
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