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Abstract 
 
Response of Phytoplankton to Climatic Changes during the Eocene-Oligocene Transition 
at the North Atlantic ODP Site 612 
Lucía Rivero Cuesta 
 
The development of modern glacial climates occurred during the Eocene-Oligocene transition (34 to 
35.5 Ma) when a decrease of atmospheric CO2 led to a global temperature fall. The ocean was deeply 
affected, both in the surface and the deep-sea, suffering a strong reorganization including currents and 
phytoplankton distribution. Spanning that time, 35 samples from the North Atlantic Ocean Drilling 
Program Site 612 have been analyzed by counting coccoliths abundance in different size groups (< 4 
µm, 4 to 8 µm and > 8 µm) and silica fragments abundance. Absolute coccoliths abundance were 
estimated with two different methods, the “drop” technique and microbeads calibration. In addition, a 
fragmentation index was calculated to assess the preservational state of the samples. 

The results obtained fit in the global picture of a decrease in phytoplankton abundance across the 
Eocene-Oligocene boundary, although coccolith and silica fragments abundances show slight different 
patterns. Absolute abundances estimates showed a large difference between the “drop” and the micro-
beads methods. The temperature at which samples are dried seems to affect microbeads distribution, 
leading to an underestimation at temperatures higher than 60ºC. In future work the current dataset will 
be updated with additional calibration and replicate counts to confirm that the “drop” estimates are the 
more valid results. As the fragmentation index was fairly constant in all samples, no major differences 
in nannofossil preservation were inferred. Coccoliths abundance drops are thought to be triggered by 
global temperature fall, general decrease of atmospheric CO2, changes in oceanic circulation, pulses of 
nutrients or a combination of those. 
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Populärvetenskaplig sammanfattning 
 
Fytoplanktons respons till klimatförändringar under Eocen-Oligocen övergången vid 
Nordatlanten ODP Site 612 
Lucía Rivero Cuesta 
 
Under tidsspannet som täcker övergången mellan eocen och oligocen, för ungefär 35.5 till 34 miljoner 
år sedan, genomgick jordens klimat en stor förändring. Under eocen hade vår planet ett varmare klimat 
och var i ett så kallat ”greenhouse state”. Mot slutet av denna period och i början av oligocen skiftade 
emellertid klimatet till en kallare regim, ett så kallat ”icehouse state”. Under detta tillstånd minskade 
andelen koldioxid i atmosfären vilket medförde att den globala temperaturen minskade. Vidare 
påverkades också havet och speciellt de fytoplankton som levde där, då de påverkas av temperatur och 
inflödet av näringsämnen. Fytoplankton står för en betydande del av jordens pågående fotosyntes samt 
är basen av den organiska matkedjan. Syftet med denna undersökning är att studera förekomsten av 
coccoliter, små kalcitplattor som produceras av en typ av nannoplankton som kallas coccolitoforider. 
Coccoliter från en djuphavskärna härstammande från norra Atlanten har därför samlats in och för-
ändringen av mängden fytoplankton över nämnda tidsspann mätts. Vidare har också bitar av kisel från 
andra växtplankton räknats. Resultatet av denna studie var att båda grupperna var rikligare under den 
sista delen av eocen men mängden sjönk snabbt i början av oligocen. Det finns inte tillräckligt med 
information för att reda ut orsakerna av detta, men det är troligt att minskningen i temperatur och CO2-
tillgängligheten för fotosyntesen är viktiga faktorer. 
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Resumen de divulgación científica 
 
Reacción del fitoplancton a los cambios climáticos durante la transición Eoceno-
Oligoceno en el Atlántico Norte, ODP Site 612 
Lucía Rivero Cuesta 
 
A lo largo del período denominado como la transición Eoceno-Oligoceno, que abarca desde hace 34 
hasta 35.5 millones de años, hubo un gran cambio en el clima de la Tierra. Durante el Eoceno nuestro 
planeta presentaba un clima templado que fue cambiando hasta un clima más frío hacia final de esta 
época y al principio del Oligoceno. Esta transición fue causada por un descenso en la cantidad de dióxido 
de carbono en la atmósfera y una importante caída general de temperatura. Esto afectó no solo a la 
atmósfera sino también a los océanos, especialmente al fitoplancton que vivía en ellos ya que la 
temperatura, la luz y los nutrientes son esenciales para ellos. El fitoplancton es como el bosque del 
océano ya que realizan la fotosíntesis y son el eslabón base de la cadena alimenticia oceánica. En este 
estudio se ha medido la cantidad de fitoplancton presente en un testigo del Atlántico Norte, en concreto 
se ha contado la abundancia de cocolitos (pequeñas placas de calcita producidas por un tipo de 
nannoplankton, los cocolitofóridos) y de trozos de sílice provenientes de otro tipo diferente de 
fitoplancton. El resultado es un descenso en la abundancia de ambos grupos, probablemente producido 
por los cambios en el clima aunque es necesaria más información para desvelar las verdaderas causas. 
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Abbreviations 
 

AABW Antarctic Bottom Water 

AAIB Antarctic Intermediate Water 

CCD Carbonate compensation depth 

EO Eocene-Oligocene 

EOB Eocene-Oligocene boundary 

EOT Eocene-Oligocene transition 

LM Light microscope 

Mbsf Meters below sea floor 

ODP Ocean Drilling Program 

SL Sea level 

SST Sea surface temperature  
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1. Introduction 
 The Eocene-Oligocene transition [EOT, 35.5 to 34 Ma (Pearson et al., 2008)] was a time of 

important climatic changes on Earth. A shift from greenhouse to icehouse state, leading to Antarctic 

continental ice formation, is thought to be triggered mainly by a change in CO2 levels among other 

factors (Goldner et al., 2014). The repercussion of this event in the oceans is seen by changes not only 

in temperature; (Persico and Villa, 2004; Katz et al., 2008; Liu et al., 2009) but in the strength of currents 

and deep ocean ventilation), as well as in the surface ocean, leading to variations in productivity 

(Diester-Haass and Zahn, 2001; Bown and Dunkley Jones, 2011). Records from several deep-sea sites 

show a reorganization of planktonic species towards different niches (Houben et al., 2013) as well as 

shifts in calcareous phytoplankton assemblages during the EOT (Dunkley Jones et al., 2008; Bordiga et 

al., 2015a) which are correlated with rapid increases in oxygen and carbon isotopes (Salamy and Zachos, 

1999; Coxall et al., 2005) thought to be related to extended ice sheets and enhanced ocean export 

production respectively. 

The aim of this project is to analyze the phytoplankton response, especially of coccolithophores, 

at the North Atlantic Ocean Drilling Program (ODP) Site 612 across the EO boundary, to shed more 

light on the role of surface ocean productivity and how it changed during this time. In order to achieve 

this, the project involved preparation of 35 samples followed by abundance and size measurements of 

coccoliths and silica fragments under the polarized light microscope (LM). 

These new data were compared with the already analyzed nannoplankton abundances from 

equatorial and South Atlantic sites (Persico and Villa, 2004; Bordiga et al., 2015a) as well as the Pacific 

(Bown and Dunkley Jones, 2012) and Indian oceans (Pearson et al., 2008) to investigate patterns in the 

global ocean surface. A gradient between low and high latitudes due thermal differences has been 

assessed (Wei and Wise, 1990; Schumacher and Lazarus, 2004), so this new study will bring further 

information to discuss the strength of this gradient. All together will wide our knowledge towards a 

better understanding on how nannoplankton reacts to changes in climate, including the decrease in 

atmospheric CO2 concentration; both in physiology (size) and behavior (abundances, assemblage shifts). 
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2. Background 
2.1. Oceanic nannoplankton 

 Coccolithophores are unicellular algae which form a significant part of the oceanic 

phytoplankton; specifically, of the nannoplankton because of their µm-scale size. Some of their 

characteristics are golden-brown pigment spots placed in both sides of the nucleus, 2 flagella of equal 

length and a haptonema which allows some movement in order to search for light and/or nutrients. The 

most distinctive feature, however, is the calcite plates called coccoliths that cover the cell. These are 

formed under the stimulus of light inside the cell, in the vesicles and, once formed, they are expelled 

outside forming a shield-like hard cover by embedding one another (Winter and Siesser, 1994). 

Cells reproduce asexually by division of mother cell, but they present two stages: haploid (N) 

and diploid (2N). The haploid stage produces holococcoliths and their cover is formed by regularly 

arranged small crystallites while during the diploid stage, plates are larger. The calcite shields from this 

type, called heterococcoliths, are the ones more commonly found in the fossil record (Winter and 

Siesser, 1994). 

Coccolithophores need to live where light is available, within the photic zone (0 – 200 m depth) 

and they thrive in places where vital trace minerals are available such as upwelling areas or pronounced 

vertical mixing zones although they are also present in the open ocean but in less quantities (Winter and 

Siesser, 1994). 

Their distribution is directly controlled by climate, especially temperature; although trophic 

resources such as nutrients, insolation and salinity, strongly linked to water mass conditions and 

stratification, also exert an important influence on them (Winter and Siesser, 1994). There are different 

nannofloral provinces delimited by temperature: from subglacial to tropical; however some species 

show a wide range of temperature tolerance (McIntyre and Bé, 1967). 

Coccolithophores, together with the rest of calcareous nannoplankton, are important 

constituents of marine carbonate sediments since the early Jurassic and they provide a very complete 

and quite reliable record of past climatic conditions near the surface. There are sites where coccolith 

oozes are more abundant, particularly in tropical latitudes (Bradley, 1999). 

Nevertheless, an important constraint on their fossil record is dissolution. There is a boundary 

where all carbonate is dissolved: the carbonate compensation depth (CCD) which is the depth at which 

dissolution rate evens the supply rate of calcium carbonate (Bradley, 1999); currently placed around 

4500 m depth with slightly differences between oceans.  

CCD and dissolution rate have varied over time and its reconstruction for a specific point in the 

past requires the analysis of multiple sites across ocean basins. However, there are methods to determine 

if a sample has been affected by dissolution by checking if easily dissolved material is present. The most 
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common bias is towards resistant species, as selective dissolution only removes the thinnest species 

(Bradley, 1999). A careful control to detect this problem will avoid interpretation mistakes. 

For this study, the influence that atmospheric CO2 and climate change have on phytoplankton 

was assessed, especially in the long-term given the timescale used. It has been previously suggested that 

the long-term decline in atmospheric CO2 led to changes in the ecology of coccolithophores (Henderiks 

and Pagani, 2008) and the effect can be both directly, through its availability for photosynthesis or 

indirectly, by weathering of resources that supply nutrients for growth and calcification (Hannisdal et 

al., 2012). There are two key factors: cell sizes and abundances. These two define the strength of the 

biological carbon and carbonate pumps, which have a main role in the carbon cycle (Hannisdal et al., 

2012). 

 

2.2. Eocene-Oligocene Transition 

 The Eocene-Oligocene transition (EOT) is considered to be the most significant period of 

climatic change during the Cenozoic and a major step in the development of modern glacial climates. 

The main trend was a transition from a greenhouse to an ice-house state, with the growth of Antarctic 

ice sheet as one of the most prominent characteristics (Ehrmann and Mackensen, 1992). There are two 

main hypotheses for this global cooling: the thermal isolation of Antarctica produced by the opening of 

Southern Ocean seaways (Kennett et al., 1975) and general decreasing levels of atmospheric CO2 

(DeConto and Pollard, 2003). 

More precisely, isotopic analysis defined a transient glacial period: the Oi-1 event, which lasted 

400,000 years at the earliest Oligocene, just after the Eocene-Oligocene boundary (33.89 Ma according 

to Gradstein et al., 2012). This climate change altered winds regime and produced more upwelling which 

enhanced productivity; especially in the Southern Ocean (Salamy and Zachos, 1999). 

The growth of Antarctic ice sheets caused cooling of deep water in southern high latitudes (Katz 

et al., 2008), enhancing transport towards the north of the Antarctic Intermediate Water (AAIW) and 

increasing the formation and strength of the Antarctic Bottom Water (AABW). This caused a 

reorganization of ocean circulation and thermal stratification that had an impact over the globe. The 

opening of  Drake Passage allowed shallow-water circulation by 33.54 Ma at the latest and the 

Tasmanian gateway stablished deep-water connections by 33 Ma (Kennett et al., 1975). However, 

Goldner et al. (2014) predicted by a model that gateway openings in the south had less impact on this 

circulation changes than the CO2 drawdown. 

While the increase of ice extent and the increase in primary productivity, especially at high 

latitudes (Schumacher and Lazarus, 2004) were acting as positive feedback for the glaciation, a stronger 

southward transport of heat and warming in high latitudes were negative feedback (Goldner et al., 2014), 

helping to reach an equilibrium over time. 
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2.3. EOT in the ocean 

 Although the EOT had a global impact involving the atmosphere, cryosphere and terrestrial and 

marine biosphere, the best records from that time are found in the ocean. There was a major change in 

deep water circulation: from one to two sources of deep water formation, the Southern Ocean and the 

North Atlantic. The transition to a “bipolar” system of deep-water circulation occurred sometime in the 

Early Oligocene (33 Ma) caused by tectonic deepening of the Greenland-Norwegian Sea. (Via and 

Thomas, 2006). 

Along with this oceanographic rearrangement, the drop of atmospheric CO2 led to an increase 

in calcium carbonate in the ocean which produced deepening of the CCD at the same time than the 

Antarctic ice-sheet started to growth (Van Andel, 1975; Coxall et al., 2005). However, the isotopic 

composition variations are too large and can only be explained by both Antarctic and Northern 

Hemisphere glaciation in the context of a global cooling (Coxall et al., 2005). The transition from cool 

to cold climate was not straightforward though, there is record of at least 3 warming and 5 cooling short-

lived events (Persico and Villa, 2004). Ultimately, this produced a change in sea surface temperature 

(SST) and nutrient distribution which affected widely life in the upper ocean. 

High resolution calcite phytoplankton analysis in the Atlantic, Pacific and Indian oceans showed 

an important reorganization of planktonic species to different niches and related assemblages shifts and 

extinction of nannoplankton species (Bown and Dunkley Jones, 2011). These changes were also closely 

coupled with planktonic foraminifera and siliceous plankton changes as well as oxygen isotopic 

excursions. Isotopic excursions were not a surprise as they had been recorded before, for instance, in the 

equatorial Pacific, were the drop over a km of the CCD is highly correlated with rapid increases in deep-

ocean oxygen and carbon isotopes (Coxall et al., 2005). The CCD deepening has been recorded as a 

rapid event in the Pacific ocean (Coxall et al., 2005; Pälike et al., 2012) and more gradual in the Atlantic 

ocean (Van Andel, 1975). There are different factors involved in this: organic carbon delivery and 

changes in weathering, which control ocean calcite saturation state; and all of them are linked to 

atmospheric CO2 levels and hence climate. 

Also in low latitudes, at sites located in the Indian Ocean, two large shifts in the assemblage of 

calcareous nannoplankton were interpreted as a product of changes in surface water: at ~34.0 Ma (late 

Eocene), preceding the first oxygen isotopic excursion and characterized by low nannofossil 

abundances, cooling of SST and decrease of sea level. The second shift occurred at ~ 33.6 Ma (early 

Oligocene) and this time, nannofossil diversity dropped and planktonic foraminifera suffer notable 

extinctions (Dunkley Jones et al., 2008). In both cases there was a great reduction of holococcoliths and 

other oligotrophic taxa abundance. Oligotrophic taxa are usually k-mode specialists, like Discoaster, 

while eutrophic taxa are r-mode opportunists. An increase in eutrophic taxa can be triggered by high 

nutrient conditions, where such species usually thrive (Bralower, 2002). Similar qualitative nannofossil 
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analyses were done in the Southern Ocean, with results pointing to several small decreases in SST before 

the EOB and a bigger cooling event 160 kyr after (33.54 Ma) (Persico and Villa, 2004). 

This gives a picture of what was happening in the ocean surface waters, where nutrient 

availability increased due to enhanced weathering across the EOT while in the bottom of the ocean there 

was a reduction of organic carbon deposition. This decoupling of organic carbon burial from 

productivity could be explained by an increase in deep ocean ventilation (Dunkley Jones et al., 2008). 

In contrast, other authors have claimed a strong increase in productivity during the Oi-1 attributed to a 

significant heavier carbon isotopic composition, indicating organic matter burial increase on global scale 

(Diester-Haass and Zahn, 2001). However, the global positive shift in carbon isotopic signal and the 

rapid deepening of the CCD are more likely a product of the weathering of exposed neritic carbonates 

and reduction in shelf carbonate production (Dunkley Jones et al., 2008).  

The comparison of Equatorial Atlantic to Southern Ocean sites shows strong latitudinal 

gradients in composition of calcareous nannoplankton during the EOT (Bown and Dunkley Jones, 

2011). Interestingly, paleoproductivity increased in higher latitudes while there are no indications of 

changes in tropical latitudes. This led to the idea that southern high latitudes underwent major changes 

in temperature and ocean circulation while in lower latitudes changes were significantly smaller 

(Schumacher and Lazarus, 2004). A latitudinal biogeographic gradient was also detected as species 

diversity decreased towards high latitudes supporting the idea of a larger cooling in those areas. Across 

the EOB diversity had a decreasing trend as cool-water taxa replaced warm-water ones (Wei and Wise, 

1990). 

In the same trend, studies performed at mid-latitude South Atlantic sites also point at variations 

in assemblages of coccoliths and total coccolith abundance decreasing at the EOB. It was interesting 

that large-size groups such as Reticulofenestra were the ones showing the strongest abundance decrease 

and this led to the hypothesis that large coccoliths proliferated in conditions of high CO2 in late Eocene 

but became less competitive in lower CO2 conditions as they require more resources and have slower 

growth rates than small coccolithophores (Bordiga et al., 2015a). 
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2.4. North Atlantic ODP Site 612 

 
 

 

 

This core provides a complete Cenozoic and Upper Cretaceous record with possible reworking 

or short hiatus at the EOB (Poag et al., 1987). Although it is located in the crest of a gently dipping 

anticline, the geometry has been affected by erosion especially in middle Eocene strata where the 

sedimentary sequence has thinned towards land. The biostratigraphic succession of the Eocene 

corresponds to cores 612-60 to 612-17 and there is a hiatus of 5 to 6 Ma at the middle Eocene/upper 

Eocene contact, but the rest of the Eocene sequence appears to be almost complete. Calcareous 

nannofossils are abundant and preservation is moderate to good throughout. The Eocene succession is 

overlain by a thin (1 m) layer of lower Oligocene sediment  (Poag et al., 1987). 

Figure 1: location of ODP Site 612 in the NW Atlantic (red star) and the Tanzanian Drilling 
Project Site 12 and 17 (orange dot) (adapted after DSDP Legacy) 
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The desired time interval of study spans 214.000 years and is within the so-called “Unit II” 

which extends from the lower Oligocene down to nearly the base of the middle Eocene (135.3-323.4 

meters below sea floor, mbsf). Analysis of the sediment reveals the presence of a calcareous nannofossil 

ooze while the rest of the sediment is a mixture of terrigenous clay or authigenic clay material 

(approximately 5-10%) and (early) amorphous opal from dissolved biogenic silica (Poag et al., 1987). 

These nannofossil oozes and chalks were deposited on a continental slope under high productivity and 

well-oxygenated conditions, which is why bioturbation is very present. The gradual disappearance of 

siliceous fossils toward the bottom result from diagenetic processes (Poag et al., 1987).  

Figure 2: close-up on the location of ODP Site 612 in the NW Atlantic (red star) 
(adapted after Poag et al., 1987) 
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3. Aims 
 
 It is clear that coccolithophores are very sensitive to climate change but also that they exert a 

feedback role in atmospheric composition changes, so it is interesting to try and unravel their behavior 

under climatic shifts such as the Eocene-Oligocene transition. By that time their assemblages shifted 

towards cold water and less oligotrophic taxa.  

 The hypothesis that is tested here is a change in coccoliths abundance due to the decrease in 

CO2 availability and temperature and changes in nutrient input during the EOT. The changes happening 

during the EOT may have been very different in the South, where ice sheets were forming and new 

oceanic gateways were opening than in the North, where deep water started to be generated, reinforcing 

and changing oceanic circulation. However, the record that coccoliths yields are from the upper part of 

the ocean, where temperature and nutrient inputs are the main rulers so the results could tell a different 

story. 

In order to achieve this, 35 samples from ODP Site 612 were chosen to be analyzed under light 

microscope to acquire total abundances of coccoliths. Absolute abundances (number of coccoliths per 

gram of sediment, N/g) were calculated with a recently established method, called the “drop” method 

(Bordiga et al., 2015b). To test the validity of the data produced, absolute abundance were also 

calculated by a different method in selected samples by adding microbeads. In addition, this study 

presents abundance counts on silica fragments, largely derived from diatoms; as siliceous diatoms are 

an important part of the oceanic phytoplankton as well it could be a useful proxy to compare with. 

Following the general trend observed in previous studies, the expected results are a general decrease in 

coccoliths size and/or abundance around the EOB; it is also likely to find a similar trend in the silica 

content. 

To assess the validity of the results, a fragmentation index was calculated across the transect to 

unravel if changes in abundances are a proxy for past phytoplankton productivity or, on the contrary, is 

an artifact of fragmentation and/or dissolution.  
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4. Methodology 
 
4.1 Samples 
 The material used was 35 sediment samples from ODP Leg 95, Site 612 from core 16X – 6W 

cm 127-129 to 17X – 4W cm 76-78, comprising the desired time interval (Eocene-Oligocene transition) 

according to the initial report (Poag et al., 1987) (Fig. 3). In this figure can be seen a change in carbonate, 

siliceous fossils and foraminifera content, which suffer a strong decrease since the late Eocene. It is also 

noticeable the sedimentary hiatus between Oligocene and Miocene, above the highest sample analyzed. 

 

 

 

 

Samples were requested from the Bremen Core Repository for a previous project (Legarda-

Lisarri and Henderiks, personal communication 2014) and sampling intervals were chosen according to 

the sedimentation rate (~30 m/Ma) in order to obtain a high resolution sampling (up to 10 samples per 

m), especially at the Eocene-Oligocene boundary (EOB) (Fig. 4). 

 

  

Figure 3: Age model with the time interval of interest for Hole 612, including different proxies 
(adapted after Poag et al., 1987). 
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4.2. Methods 
 There are different methods to prepare coccolith samples for analysis under light microscope 

(LM). For this study, the most suitable alternative was the “drop” technique (Bordiga et al., 2015b), 

which follows the procedure of the dilution method (Koch and Young, 2007) without the dilution step 

(Bordiga et al., 2015b). 

This way of preparing samples has been compared with other techniques such as filtration and 

random settling and has been found to be the quickest, inexpensive and consistent method in estimating 

Figure 4: age model (Poag et al., 1987) from cores 16X and 17X with 35 purple 
lines indicating the samples selected for analysis. 



11 
 

“real values” of absolute nannofossil abundances (Bordiga et al., 2015b). Absolute abundance values 

can also be calculated by adding microbeads to the sample (see discussion in Bordiga et al., 2015b); 

which gives also an estimation of absolute abundance by spiking some samples strategically selected 

along the time series. In this case, 5 samples were selected to be calibrated with microbeads. 

Absolute nannofossil abundance per gram of sediment (N/g), X, is done in two steps: 

First, the weight of bulk sediment on the cover slip, W, can be easily calculated knowing: 

S = suspension on cover slip (mL)       

 I = initial dry weight (g)        

 D = dilution in the test tube (mL) 

W = (S * I) / (D)     [Equation 1] 

Second, from another simple equation the absolute abundance is calculated knowing: 

N = total number of particles counted per field of view (FOV)    

 A = area of the cover slip (mm2)       

 f = area of one FOV (mm2)        

 n = number of FOV         

 W = weight of bulk sediment on the cover slip (g) 

X = (N * A) / (f * n * W),    [Equation 2] (Koch and Young, 2007) 

This was calculated for every sample, for both coccoliths and silica fragments. However, slight 

overestimation for absolute abundances with this method has been reported by Bordiga et al. (in press). 

This is why 5 samples were spiked with microbeads as a calibration and comparison of results. The 

coccolith absolute abundance was calculated with the following equation: 

CTot = (Ccount/Mcount) * (MTot/WTot),   [Equation 3] (Bollmann et al., 1999) 

where CTot is the number of nannofossils in a sample, Ccount is the number of nannofossils 

counted, Mcount is the number of microbeads counted, MTot is the number of microbeads added and WTot 

is the sample weight (Bollmann et al., 1999). This method allows absolute abundance results on the 

basis of a known concentration, the microbeads, to calculate an unknown concentration, the coccoliths. 

All calculations have been performed in an Excel spreadsheet and the results have been plotted 

with DeltaGraph and Adobe Illustrator. 

 

4.3. Procedure 

 A small portion of each sample was transferred to small labeled glass bottles, previously cleaned 

with nitric acid (HNO3) to avoid contamination. They were placed during 24 hours into a dry oven at 

40º C to eliminate any traces of possible humidity which can induce errors when weighting. After they 

cooled down, 5 mg of each sample was weighted with a precision microbalance and transferred to clean 

and labeled 50 ml test tubes. 
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The 5 selected samples were spiked with uniform, borosilicate glass microbeads (SPI Supplies 

# 2714 5µm microspheres, calibrated mean diameter 5.4 µm ±0.3µm, s. d. = 0.7 µm, density = 2.5 

g/cm3). Their weight should be a similar to the dry sediment to have a well-proportioned ratio of 

coccoliths/microbeads; it was 4 to 5 mg in this case. 

Then the tubes were filled with approximately 20 mL of distilled water mixed with ammonia (1 

L distilled water + 30 mL of 25% ammonia solution) and manually shaken to disaggregate the sample. 

To completely disintegrate the aggregates, the tubes were exposed to ultrasonication for around a minute 

in intervals of 10 seconds ultrasonication and 5 seconds break until the aggregates disappeared. It was 

important not overdoing this step as too much sonication can cause fragmentation of the nannofossils. 

When the sediment was ready, the tubes were filled up until reaching 50 mL with the same 

distilled water plus ammonia solution than before. In the meanwhile, the hot plate was set at 60ºC and 

cover slips placed on it. Also the micropipette was adjusted to the desired amount of suspension. Before 

extracting, it was important to shake the tube to make the suspension of the sediment homogeneous and, 

subsequently, the suspension was pipetted from the middle of the tube. Then the content of the pipette 

was slowly dripped onto the cover slip, from the centre to the edges, until all of it was covered with the 

suspension. 

After 1 hour on the hot plate, the fluid part of the suspension was evaporated, leaving the solid 

part (the sample) on the cover slips. Using Norland Optical Adhesive 61, labelled slips were glued on 

top of the slip covers still on the hot plate to let the glue expand and to remove possible bubbles. The 

final samples were taken from the hot plate to a UV light and left for 30 minutes, where the glue dried. 

 

4.4 Analysis 

 When studying abundances, as in this case, it is important to have an adequate amount of 

nannofossils per FOV; having too many will take very long counting every FOV and having too little 

will require a lot of FOV to look at. This is dependent on the amount of suspension on the cover slip, 

and different concentrations were tested in order to acquire the most suitable for this purpose: 1.5 mL, 

1 mL, 0.75 mL and 0.5 mL per cover slip. After preparing the samples and looking at them in LM, the 

best option was 0.75 mL. It turned out that during sample preparation, this amount of suspension was 

not enough to fill the entire cover slip, so 0.75 mL of distilled water with ammonia mixture were added 

prior to the 0.75 mL of suspension to the cover slip to make the distribution as even as possible; so the 

sum of both, 1.5 mL was the size of the drop in every slip cover. 

The microscope used was a Zeiss Axioskop 40, with a Zeiss EC Plan NEOFLUAR 100x/1.3 Oil 

Pol objective and Carl Zeiss W-PI 10x/23 eyepieces, establishing the whole view as a standard FOV 

(0,04 mm2). On a first rough counting in random samples, the average number of entire coccoliths per 

FOV was between 15 and 20. As the total counting should be of at least 300 specimens for obtaining 

meaningful results, it was decided that a total of 20 FOV should be counted for all samples, to get close 
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to that number. The particles encountered in every FOV were classified in different categories: small 

entire coccoliths (< 4 µm), medium entire coccoliths (4 to 8 µm), big entire coccoliths (> 8 µm), silica 

fragments, coccolith fragments (less than 2/3 of a coccolith but bigger than 2 µm) and, when present, 

microbeads. 

There were small errors to overcome, as the different distribution of the sample in the cover slip; 

having greater concentration in the centre and decreasing toward the edges. The even distribution of the 

FOV are a strategy to minimize this effect. Approximate location of the 20 FOV on a slide are shown 

as the intersection of lines in Fig. 5. 

 

 

Coccolith abundances can vary not just for biological causes, which are the ones we are looking 

for, but they can suffer the effect of preservation bias. A quick way to know if our samples are affected 

by dissolution and/or fragmentation is to count and calculate a simple ratio between the number of 

fragments (normally less than 2/3 of a coccolith but bigger than 2 µm) and entire coccoliths, which 

yields a result indicating the fraction of non-entire coccoliths; it is called the fragmentation index. It can 

help us to interpret our results: if the abundance is low but the index is high, this indicates that the 

abundance is probably being underestimated because the original coccoliths have been broken or 

dissolved.  

Figure 5: outline of a cover slip (real size 24x32 mm). The points where the 
lines intersect are the estimated location of the evenly distributed fields of view. 
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5. Results 
 
5.1. Coccoliths abundance in 20 FOV 
 The first outcome of this study is the number of coccoliths counted in 20 FOV of each sample. 

There are quite different results, as the highest count rising over 700 specimens and the lowest nearly 

100 entire coccoliths. Different trends can be distinguished in Fig. 6, starting from the right part of the 

graph where the deepest and thus oldest samples are to the left, towards swallower, younger ones. There 

is a general increasing trend until reaching sample 14 (37.18 meters below sea floor or mbsf), although 

at least 4 periods of higher abundance with other 4 periods of lower abundance between them can be 

distinguished. This period of time corresponds to the Upper Eocene (Poag et al., 1987), although there 

is no high-resolution age model for this period yet. Between 136 and 137 mbsf, there is a dramatic 

decrease followed by a steep increase recovering until the previous abundances, just before the EOB 

(red dot, calibrated by planktic foraminifera by A. Legarda-Lisarri, personal communication, April 

2015). The start of the Oligocene is similarly marked by another large drop followed by a big increase. 

 

 

 

 

 

Figure 6: total number of coccoliths per sample plotted against mbsf. The result is a line showing 
different trends along the EOT, especially around the boundary (red dot). 
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As explained in the methodology part, the count of entire coccoliths were divided in three groups 

of sizes: smaller than 4 µm, between 4 and 8 µm and bigger than 8 µm. All trends are plotted on Fig. 7 

to make comparison easier. Small and medium ones follow a similar trend than the total abundance, 

showing first an increase with lower and higher periods and the turning point before the EOB with two 

minima and two maxima peaks intercalated. Note that the general variation of small coccoliths is wider, 

from less than 50 as the lowest number to more than 450 coccoliths per sample as highest. On the other 

hand, the number of medium coccoliths barely goes below 100 and does not exceed 400 coccoliths per 

sample during the whole interval analyzed. Big coccoliths follow a slight different trend, being quite 

steady along late Eocene, slightly showing the pre-EOB drop and another small drop just before EOB 

when the other two sizes of coccoliths present a peak (dotted black line). After the boundary, it follows 

again the general trend, with a marked drop and increase afterwards. 

 

 

 

 
In order to spot more differences between the medium and small-sized coccoliths, total 

abundance was plotted along with both of them in Fig. 8 and 9.  The general trend is very closely 

followed by < 4 µm coccoliths trend all along the period, while the medium-sized coccoliths trend also 

following the general one but less accurately, especially at the drop of abundance right after the EOB. 

Figure 7: total number of small (brown line), medium (green) and big (purple) coccoliths per 
sample plotted against mbsf. The dotted black line point out a difference in trends between the big 
coccoliths and the small and medium ones. 
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 Figure 9: number of medium-sized coccoliths (green line) and total number of coccoliths per 
sample (blue line) plotted against mbsf. Trends are quite similar despite at 136 mbsf. 

Figure 8: number of small coccoliths (brown line) and total number of coccoliths per sample 
(blue line) plotted against mbsf. Both trends are very similar. 
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In order to have a different point of view, abundance percentages by sizes can be observed in 

Fig. 10. This allows us to see two samples standing out for lowest abundance (<25%) of small-sized 

coccoliths and being, unlike the rest of the samples, mid-sized coccoliths the more dominant. 

Interestingly, these two samples coincide to be the ones with the lowest total abundances. On the 

contrary, samples with the highest abundances result to be the ones with more percentage of small-sized 

coccoliths. 

 

 

 

5.2. Absolute coccolith abundances 

 Calculations were performed for every sample using Eq. 1 and 2. The resulting number of 

coccoliths per gram of sediment were in the billion per gram range, being the lowest just above 1 billion 

per gram and the highest not larger than 9 billion per gram (average 5.49 billion per gram). If there were 

a line connecting these points (blue points in Fig. 11), it would have the exact same shape than the bulk 

number of coccoliths line (Fig. 6) based on the fact a fixed amount of FOV per sample were counted, 

so it has not been included to avoid repetition. 

The method used to assess the validity of these results (Eq. 3), microbeads added to the 

suspension of 5 selected samples, reveals consistently lower values of absolute abundance but in the 

same range, from 2.9 to 4.1 billion per gram (average 3.43 billion per gram) . The striking difference of 

up to 5 billion per gram between the two methods was alarming, and led to recount and repreparation of 

several samples. The second set of absolute abundances data (performed and analyzed by M. Bordiga 

and J. Henderiks) yielded results that are more similar to the absolutes abundances estimated from the 

Figure 10: Left y-axis and blue line shows total coccolith abundance with superimposed bars showing 
coccolith abundance distributed by sizes in form of percentages (right y-axis) plotted against mbsf. 
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drop method in this study, so in my case the microbeads method was the one yielding anomalous results. 

The problem was detected to be temperature, as the samples first prepared for the study were dried at 

60ºC and the second set at lower temperature. The microbeads probably aggregate at high temperature, 

leading to an inconsistent distribution in the slip cover. The standard deviation calculated for the first 

three samples is larger than half of the value in several samples (see appendix) supporting this idea. 

 

 

 

 

5.3. Silica abundance in 20 FOV 

 Along with coccoliths, fragments of silica found in every FOV were also counted. They were 

most likely pieces of siliceous diatoms, other unicellular primary producers like coccolithophores, 

however very few specimens were complete enough to classify them. The total number acquired in all 

samples is shown in Fig. 12. The trend has some similarities with the coccoliths counted per FOV (Fig. 

6), like the increase before the EOB (yellow dot), the decrease after the boundary and a small peak again, 

although the decrease starts earlier for silica. During the Upper Eocene, in contrast, the abundance is 

more irregular although the general trend does not show notable increase nor decrease. 

Fig. 13 compares the average number of coccoliths and silica fragments in a FOV. In general, 

it can be said that silica data show almost no trend except minor peaks but coccoliths show a general 

increasing trend from 141 to 137 mbsf, however both lines follow a similar shape from m 135 to 137 

mbsf. 

Figure 11: Absolute coccolith abundance calculated by the drop method of the 35 samples (35 dark blue 
squares) and absolute abundance calculated by the microbeads method (5 green dots) plotted against 
mbsf. Also shown are the three repeat analyses, absolute coccolith abundance based on the drop method 
(3 light blue squares) and absolute abundance calculated by the microbeads method (3 yellow dots). Red 
dotted lines shows the difference between both methods in the first dataset, with the microbeads method 
consistently yielding lower estimates most likely due to a preparation bias (see text for details). 
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Figure 12: number of total silica fragments on each sample plotted against mbsf. The yellow dot 
indicates the EOB. 

Figure 13: average number of coccoliths (blue line) and silica fragments (green line) per FOV 
plotted against mbsf. 
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5.4. Fragmentation Index 

 The fragmentation index was used to assess the preservational state of the samples, especially 

before and after the boundary, when abundances show the sharpest changes. An additional 3 samples 

were also analyzed from the Upper Eocene to have an idea of the fragmentation in those samples. 

The three of them yielded similar results of around 35% as Fig. 14 shows, very close to the average 

(34%). There is a slight increase in fragmentation before and after the boundary, with 3 of the 

samples showing over 35%, reaching 40% in the youngest sample. Nonetheless, there are exceptions 

and it is important to analyze individual cases. Fragmentation index in samples peaking in 

abundance are not above 35% nor below 30% fragmentation except the youngest one which shows 

the lowest fragmentation index, 25%.  The two samples with higher fragmentation, 40% and 39%, 

are samples with low abundance. However, the lowest abundance registered, just after the EOB, has 

an average fragmentation index (32%). 

 

 

 

 

 

 

 

Figure 14: Fragmentation index (grey dots and right y-axis) and number of coccoliths in 20 
FOV (blue line) plotted against mbsf. Average fragmentation index is 0.34. 
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6. Discussion 
6.1. ODP Site 612 
 The focus of this study is to assess the variations in coccoliths abundances and sizes across the 

Eocene-Oligocene transition. On the big picture, raw results are as expected: a noticeable decrease 

across the EOB. However there are interesting patterns which should be studied in more detail. 

There were no big variations along the Upper Eocene but small fluctuations on a gentle 

increasing trend. These small variations could be produced by small changes in SST as recorded in 

previous studies (Persico and Villa, 2004) leading to fluctuations in productivity. Before and after the 

EOB there are two notable drops in total abundance with two corresponding increases between them 

which reach the original late Eocene abundances (Fig. 6). 

If these results are compared with previous findings, like the ones from low latitudes in the 

Indian Ocean, drops in abundance could be related to the two episodes described by Dunkley Jones et 

al. (2008) at ~34.0 Ma, which yielded also low nannofossil abundances and at ~33.6 Ma, just after EOB, 

possibly related to decreasing SST and sea level drop. In order to test this hypothesis a reliable age 

model would be needed, to check if the timing of both events matches. 

The individual trends of the different size-groups shows that the medium-sized (Fig. 9) and 

especially the small-sized (Fig. 8) coccoliths curves influence the main trend the most. The large-sized 

group (Fig. 7) contributes to the total abundance in a more constant fashion, at low numbers. When 

looking at the total percentage (Fig. 10) this picture becomes clearer in the two samples peaking in lower 

abundances, where the decrease of small-sized coccoliths is filled by an increase in medium and large-

sized ones. However, in a short time small-sized were able to recover their previous predominance. It 

has to be pointed out what has been previously proposed, supporting the hypothesis that small-sized 

coccoliths have an advantage over larger sizes for having faster growth rates, which makes them quicker 

to adapt to new conditions such as changes in nutrients and lower CO2 concentrations compared with 

bigger ones (Bordiga et al., 2015a). 

It is always good having different proxies to compare, in this occasion the one has been 

fragments of siliceous plankton. As expected, trends present a general similarity as both groups share 

the same niche and are very dependent on ocean surface conditions, so changes should affect both groups 

of organisms although maybe not in the exact same way, as they have slightly different requirements 

and life strategies. In general, silica fragments also present a decrease in abundance across the EOB, 

however there are not “recovery” peaks except a small one after the boundary (Fig. 12). This could mean 

that coccolithophores were able to adapt more rapidly to the ongoing changes. However if we integrate 

both results in the global picture, their decrease is likely to be the signal of the Oi-1 period present also 

in the North Atlantic and the precursor of new bottom-water formation just a few kyr later (33 Ma). This 

is a hypothesis which could be tested in the future by further studies on carbon and oxygen isotopes at 

this site. 
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The fragmentation index is quite constant along the transect, on average 34%. However, there 

are specific cases as the youngest sample, with 40% fragmentation which could be biasing the result 

towards lower numbers. 

 

6.2. Global overview 
 Fitting this new data on the already known scenario of the EOT, an increase in nutrient 

availability as reported in other sites (Dunkley Jones et al., 2008) would explain the increasing 

abundance trend along the late Eocene. This increase could have been produced by the overall climate 

change, which altered the wind regime causing upwelling as well as increased erosion, enhancing 

nutrient transport from the continent to the ocean (Diester-Haass and Zahn, 2001). Similar high 

productivity patterns have been recorded in the Southern ocean (Salamy and Zachos, 1999) being 

stronger at high latitudes (Schumacher and Lazarus, 2004). A good way to confirm this would be by 

analyzing the coccolith species assemblages on the same samples of this study to, hopefully, assess a 

change from oligotrophic to eutrophic species, another sign of increase in nutrients availability. 

The documented decreases in both coccoliths and silica fragments near the EOB could be the 

result of different factors. In the first place, the decrease in SST has been pointed out as the cause of 

planktonic reorganization by that time, linked to reduced carbon primary productivity as well (Dunkley 

Jones et al., 2008). This will fit in a global process, and make sense with the assumptions that cooling 

was especially strong at high latitudes (Wei and Wise, 1990). Another important factor is the decline of 

atmospheric CO2, which possibly led to less CO2 available to photosynthesize forcing to a decrease in 

numbers as a direct impact (Hannisdal et al., 2012). Nutrient coming in pulses (M. Bordiga et al., 2015) 

could have also affect this “drowns and peaks” patterns seen in the total abundance, and ocean 

circulation changes might have also had some effect on it.   
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7. Conclusions 
 
 Abundances of phytoplankton were studied at the ODP Site 612 by the preparation of 35 

samples spanning the Eocene-Oligocene transition (34 - 35.5 Ma). Coccolith in different size groups (< 

4 µm, 4 to 8 µm and > 8 µm) and silica fragments were counted to find a pattern. Absolute abundance 

and fragmentation index were calculated as well and these are the results: 

• Total coccolith abundance increased during the late Eocene and suffered two big drops before and 

after the EO boundary, with correspondent abundance peaks after both of them recovering until the 

same abundance than previous Eocene levels. 

• Small and medium-sized coccoliths influenced the trend of the total abundance, while large-sized 

ones had a more constant fashion, being the small and medium-sized ones more adaptable to 

changing conditions. 

• Silica fragments abundances follows a similar trend as coccolith abundances, showing a steep 

abundance decrease at the EOB but just in one drop and do not have a great recovery. Assuming that 

the same factors were affecting phytoplankton, it is plausible that coccoliths are able to recover better 

than silica plankton. 

• Fragmentation index was quite constant along the transect, with an average of 34%. Overestimations 

could be present in the abundance peak after the boundary which presents the lowest fragmentation 

index (25%). 

• The drops in abundance are thought to be triggered by global temperature fall, general decrease of 

atmospheric CO2, changes in oceanic circulation, pulses of nutrients or a combination of those. 

• Further work suggested to improve these results include the study of species assemblages in the same 

samples to assess productivity, carbon and oxygen isotopes to provide a better correlative framework, 

and an accurate age model to compare the timing with other sites studied. Furthermore, it was found 

that the distribution of particles on a microscope slide may be strongly affected by the drying 

temperature; the lower the temperature, the better. 
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Appendix 

 

 

 

Sample Depth Initial Coccoliths Average
(mbsf) weight (g) in 20 FOV < 4 µm 4 to 8 µm > 8 µm per FOV

95-612,16X-6, 127-129 135.47 0.0051 322 102 196 24 16.1
95-612,16X-6, 143-145 135.63 0.0049 483 218 246 19 24.15
95-612,16X-7, 3-5 135.73 0.005 619 209 376 34 30.95
95-612,16X-7, 25-27 135.95 0.005 107 7 88 12 5.35
95-612,16X-CC, 10-12 136.08 0.0051 414 179 208 27 20.7
95-612,17X-1, 0-2 136.2 0.0051 495 212 255 28 24.75
95-612,17X-1, 6,5-8,5 136.26 0.005 557 254 278 25 27.85
95-612,17X-1, 13-15 136.33 0.005 485 232 235 18 24.25
95-612,17X-1, 20-22 136.4 0.0051 399 173 199 27 19.95
95-612,17X-1, 39-41 136.59 0.0049 195 40 133 22 9.75
95-612,17X-1, 59-61 136.79 0.0051 566 294 242 30 28.3
95-612,17X-1, 78-80 136.98 0.0051 490 277 196 17 24.5
95-612,17X-1, 98-100 137.18 0.0051 737 413 302 22 36.85
95-612,17X-1, 117-119 137.37 0.0051 698 453 228 17 34.9
95-612,17X-1, 137-139 137.57 0.005 574 344 216 14 28.7
95-612,17X-2, 7-9 137.77 0.005 560 302 244 14 28
95-612,17X-2, 28-30 137.98 0.005 576 344 222 10 28.8
95-612,17X-2, 47-49 138.17 0.0049 515 293 210 12 25.75
95-612,17X-2, 65-67 138.35 0.0051 542 248 276 18 27.1
95-612,17X-2, 84-86 138.54 0.0049 414 223 175 16 20.7
95-612,17X-2, 104-106 138.74 0.005 424 241 172 11 21.2
95-612,17X-2,126-128 138.96 0.0049 379 165 203 11 18.95
95-612,17X-2, 140-142 139.1 0.005 481 258 210 13 24.05
95-612,17X-3, 11-13 139.31 0.005 461 226 220 15 23.05
95-612,17X-3, 30-32 139.5 0.005 372 164 195 15 18.6
95-612,17X-3, 51-53 139.71 0.0049 381 168 197 16 19.05
95-612,17X-3,71-73 139.91 0.005 297 130 149 18 14.85
95-612,17X-3, 90-92 140.1 0.0051 431 212 202 17 21.55
95-612,17X-3, 110-112 140.3 0.0051 475 263 195 17 23.75
95-612,17X-3, 129-131 140.49 0.005 325 146 164 15 16.25
95-612,17X-3, 148-150 140.68 0.005 340 164 160 16 17
95-612,17X-4, 19-21 140.89 0.0051 355 173 166 16 17.75
95-612,17X-4, 38-40 141.08 0.005 397 206 175 16 19.85
95-612,17X-4, 58-60 141.28 0.0051 476 286 172 18 23.8
95-612,17X-4, 76-78 141.46 0.005 334 151 169 14 16.7

Table 1: Data of the initial weight of sediment, the number of coccoliths counted in 20 FOV in every sample 
as well as the number of coccoliths of different sizes and the average number of coccoliths counted in a FOV. 
Samples highlighted with orange are the ones spiked with microbeads. 
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Sample Depth Silica fragments Average Beads Beads Fragmentation
(mbsf) in 20 FOV per FOV weight (g) index

95-612,16X-6, 127-129 135.47 11 2.7 40%
95-612,16X-6, 143-145 135.63 17 3 34%
95-612,16X-7, 3-5 135.73 27 4.85 883 0.0043 25%
95-612,16X-7, 25-27 135.95 26 3.5 32%
95-612,16X-CC, 10-12 136.08 16 3.75 36%
95-612,17X-1, 0-2 136.2 40 6.15 34%
95-612,17X-1, 6.5-8.5 136.26 46 11.65 33%
95-612,17X-1, 13-15 136.33 35 9.05 33%
95-612,17X-1, 20-22 136.4 21 6.85 39%
95-612,17X-1, 39-41 136.59 16 6.15 36%
95-612,17X-1, 59-61 136.79 18 8.45 545 0.0042 33%
95-612,17X-1, 78-80 136.98 10 8.3 35%
95-612,17X-1, 98-100 137.18 14 7 30%
95-612,17X-1, 117-119 137.37 16 7.1
95-612,17X-1, 137-139 137.57 9 6.3
95-612,17X-2, 7-9 137.77 24 8.05
95-612,17X-2, 28-30 137.98 22 6.2
95-612,17X-2, 47-49 138.17 14 5.9 36%
95-612,17X-2, 65-67 138.35 17 6.8 593 0.0043
95-612,17X-2, 84-86 138.54 16 6
95-612,17X-2, 104-106 138.74 10 7
95-612,17X-2,126-128 138.96 13 8.05
95-612,17X-2, 140-142 139.1 19 7.8
95-612,17X-3, 11-13 139.31 15 7.4
95-612,17X-3, 30-32 139.5 10 9.6
95-612,17X-3, 51-53 139.71 13 8.6
95-612,17X-3,71-73 139.91 19 6.55 398 0.0041 34%
95-612,17X-3, 90-92 140.1 17 6.75
95-612,17X-3, 110-112 140.3 13 5.7
95-612,17X-3, 129-131 140.49 19 7.45
95-612,17X-3, 148-150 140.68 7 5.95
95-612,17X-4, 19-21 140.89 5 7.6
95-612,17X-4, 38-40 141.08 11 8
95-612,17X-4, 58-60 141.28 16 7.3 34%
95-612,17X-4, 76-78 141.46 18 6.3 413 0.0043

Table 2: Data of the number of silica fragments counted in 20 FOV in each sample, the average number of 
silica fragments found in every FOV, the number of beads counted in 20 FOV and the weight of the amount 
added before the preparation of the slides. The last column shows the values in percentage of the fragmentation 
index. 
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Sample Abundance (N/g) Abundance (N/g) Abundance (N/g) Abundance (N/g)
Drop method Microbeads method Drop reprepared Microbeads reprepared

95-612,16X-6, 127-129 3890273241
95-612,16X-6, 143-145 6073589855
95-612,16X-7, 3-5 7628076766 2924882918 6191363825 6347675381
95-612,16X-7, 25-27 1318585160
95-612,16X-CC, 10-12 5001779881
95-612,17X-1, 0-2 5980388988
95-612,17X-1, 6.5-8.5 6864036767
95-612,17X-1, 13-15 5976764510
95-612,17X-1, 20-22 4820555972
95-612,17X-1, 39-41 2452070438
95-612,17X-1, 59-61 6838182156 4149341051 6959862042 5958786053
95-612,17X-1, 78-80 5919981018
95-612,17X-1, 98-100 8904134715
95-612,17X-1, 117-119 8432952552
95-612,17X-1, 137-139 7073531605
95-612,17X-2, 7-9 6901006444
95-612,17X-2, 28-30 7098178057
95-612,17X-2, 47-49 6475980901
95-612,17X-2, 65-67 6548223902 3738720180 6672557904 6768356253
95-612,17X-2, 84-86 5205934162
95-612,17X-2, 104-106 5225047736
95-612,17X-2,126-128 4765818955
95-612,17X-2, 140-142 5927471606
95-612,17X-3, 11-13 5681007091
95-612,17X-3, 30-32 4584239995
95-612,17X-3, 51-53 4790968395
95-612,17X-3,71-73 3659998061 2968706881
95-612,17X-3, 90-92 5207166977
95-612,17X-3, 110-112 5738757110
95-612,17X-3, 129-131 4005048383
95-612,17X-3, 148-150 4189896770
95-612,17X-4, 19-21 4288965840
95-612,17X-4, 38-40 4892320640
95-612,17X-4, 58-60 5750838703
95-612,17X-4, 76-78 4115957415 3374232125

Table 3: Results of the estimates of absolute abundances; the first two columns correspond to the initial results 
from the first set of samples prepared with both methods and the two last columns shows a selection the 
estimates calculated from the re-prepared samples (M. Bordiga). 
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16X-7 3-5 17X-1 59-61 17X-2 65-67
Coccoliths Beads Ratio b/c Coccoliths Beads Ratio b/c Coccoliths Beads Ratio b/c

FOV 1 39 73 1.87 23 21 0.91 39 40 1.03
FOV 2 30 15 0.5 26 39 1.50 42 69 1.64
FOV 3 19 13 0.68 45 27 0.60 18 7 0.39
FOV 4 20 9 0.45 26 15 0.58 22 19 0.86
FOV 5 24 21 0.87 33 22 0.67 18 21 1.17
FOV 6 21 38 1.81 34 16 0.47 32 21 0.66
FOV 7 33 57 1.73 50 31 0.62 16 6 0.38
FOV 8 37 44 1.19 41 56 1.37 35 57 1.63
FOV 9 18 35 1.94 41 82 2.00 38 27 0.71
FOV 10 38 50 1.32 48 22 0.46 37 5 0.14
FOV 11 28 45 1.61 16 1 0.06 10 4 0.40
FOV 12 46 107 2.33 19 7 0.37 33 16 0.48
FOV 13 35 43 1.23 25 19 0.76 16 16 1.00
FOV 14 38 87 2.29 26 31 1.19 35 43 1.23
FOV 15 28 18 0.64 27 35 1.30 38 84 2.21
FOV 16 22 26 1.18 16 3 0.19 18 9 0.50
FOV 17 45 90 2.00 6 10 1.67 13 17 1.31
FOV 18 32 28 0.88 26 15 0.58 26 53 2.04
FOV 19 24 38 1.58 29 69 2.38 34 58 1.71
FOV 20 42 46 1.1 9 24 2.67 22 21 0.95

Average 30.95 44.15 1.36 28.3 27.25 1.02 27.1 29.65 1.02
Standard
deviation 8.64 26.41 0.57 11.91 20.47 0.71 9.92 22.94 0.58

Table 4: Detailed data of coccoliths and microbeads counting from the first three samples spiked. Detail of 
every field of view as well as the ratio microbeads/coccoliths, average and standard deviation. 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Examensarbete vid Institutionen för geovetenskaper 
ISSN 1650-6553 




