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Techniques

P.R. Bown and J.R. Young

Nannofossils are generally straightforward to
study, they occur in a wide range of lithologies
and preparation is simple and fast. Their small
size means that only very small samples are
required, but also that contamination and
reworking can be significant problems which need
careful attention. It also means that nannofossil
work requires high quality microscopes which is
the one significant equipment constraint. The
following notes are intended to be a guide to good
practice. Other reviews of techniques are given by
Hay (1977), Taylor and Hamilton (1982) and
Perch-Nielsen (1985a).

2.1 SAMPLE COLLECTION

Micropalaeontological sample collection is not a
complex type of fieldwork but it does benefit from
a degree of organisation and preparation. It is also
quite time and labour intensive: the various tasks
of section measuring, sample collection and bag
ging-up, and information logging, take time to do
properly. As a result, it is usually much better for
micropalaeontologists to carry out the fieldwork,
rather than leaving it to a geologist with other
priorities.

2.1.1 Sample size and number

Nannofossils are typically present at abundances
of billions of specimens per gram so samples for
nannofossil work can be very small. For core
sampling, toothpick. samples of a few mm3 are
often used. A sample of about 3cm3 gives a
comfortable excess of material, even allowing for

careful cleaning before preparation, repeated
preparation and sub-sampling. The main advantage
of collecting larger samples is that samples
collected for nannofossil work will also usually be
ideal for other microfossil work and geochemical
analyses, such as stable isotope measurements,
calcimetry and organic carbon content.

2.1.2 Sample type

Nannofossils can occur in virtually any Mesozoic
or Cenozoic marine sediment with a fine carbonate
fraction which has not undergone metamorphism,
severe diagenesis or weathering. The most favour
able lithologies are marls and chalks, but muddy
sands and silts, including glauconitic sands, can
often contain good assemblages. Poor preservation
or complete absence is common in coarse clastic
sediments, where the fine calcite fraction has been
etched or leached, or in micritic limestones, where
calcite has been recrystallized or heavily over
grown. Encouraging signs include the presence of
aragonite-preserved macrofossils, especially amm
onites, or any marine microfossils, espeC;ially
planktonic foraminifera. An acid reaction is a safe
indication that the rock does have a carbonate
content. Discouraging signs include evidence of
dolomitisation, winnowing, dissolution of aragon
itic fossils, decalcification or original shallow
water deposition. Surface weathering can badly
affect assemblages, particularly in tropical clim
ates, so it is worth excavating sections to obtain
fresh material. It is also important to ensure that
samples are free of any contamination since
nannofossils can easily be introduced via surface
downwash, rootlets and percolation along fine
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fractures. Crystals of selenite (gypsum, CaS04

.2H20) are a particularly bad sign since they are
produced by reaction of calcium carbonate with
sulphuric acid, usually from pyrite decay. Since
the best lithologies are usually the finest grained
and softest, it is essential to search for outcrops of
the less prominent units. Hay (1977) discusses
field sampling in some detail.

2.2 PREPARATION TECHNIQUES

The small size of nannofossils prevents individual
specimen extraction from sediments and they are
generally viewed in sediment smear or strew
slides. The liberation of nannofossils from
sediments/sedimentary rocks is a relatively simple
process, in theory, involving mechanical break
down of the rock, dispersal in water, and
mounting of the resultant suspension onto a
microscope slide. However a number of special
problems require particular attention.

Due to the small size of nannofossils, the
chances of contamination are higher than for most
other fossils. To prevent this, special care is
needed in order to keep rock dust to a minimum
and to see that all equipment, bench surfaces and
hands, that come into contact with the sample are
spotlessly clean. Wherever possible this is best
effected by using disposable laboratory ware, but
when equipment is reusable then cleaning is best
achieved by washing, soaking in dilute hydro
chloric acid and, finally, thorough rinsing. Bench
tops should be covered in clean paper towel. The
sediment sample itself should also be cleaned
before processing begins, by trimming away all
outer surfaces.

The calcareous nature of nannofossils makes
them prone to etching, dissolution or overgrowth,
and such processes can occur rapidly. This can be
avoided by keeping sample soaking time to a
minimum, or avoiding this step altogether, and by
using buffered distilled water (this is critical in
soft-water areas).

2.2.1 Standard preparation techniques

(a) Simple smear slide
1. Trim all outer surfaces of the sample.
2. Scrape a small portion of sediment onto a glass
cover-slip.
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3. Add a drop of distilled water and make a thick
sediment suspension using a flat-sided toothpick.
4. Smear the suspension thinly across the surface
of the coverslip with a toothpick, and dry rapidly
on a hotplate.
5. Label a glass microscope slide, and affix the
coverslip (smear-side down) using an optical
mounting medium (section 2.2.5c).

Notes This technique is fast and effective but does
require a certain amount of practice and experi
mentation to achieve good results. Areas of
variable grain density can be produced with a
rippling motion of the toothpick. Coarse grains
can be dragged to the edge of the slide and
discarded. Repeated drying and resuspension can
aid breakdown of the sediment. The technique is
especially well suited to marls and chalks which
disaggregate easily, but can be applied to all but
the hardest sediments.

Preparations of this kind are suitable for
biostratigraphic studies but can also be used for
relative abundance count analysis. Although the
ratio between nannofossils is not affected during
preparation there is some size fractionation caused
by the action of the toothpick across the slide.

Variation on the simple smear may be required
when sediments are particularly indurated or if
concentration or cleaning of the sample is required
to enhance poor recovery, to prepare for electron
microscope observation, or to remove sand- or
clay-sized particles. In addition, more controlled
techniques have been developed to allow
quantitative analysis of nannofossil abundances.
These alternative techniques are described below.

(b) Pipette strew slide
1. Trim all outer surfaces of the sample.
2. Crush the sample, avoiding contamination by
wrapping in a paper towel.
3. Place the powdered sediment into a beaker and
add distilled water.
4. Stir and leave to disintegrate as required (several
hours maximum, but pH should be monitored and
controlled). A deflocculant (e.g. Calgon) can be
added at this stage or ultrasonication can be
performed in order to aid disintegration.
5. Decant a small amo~nt of the suspension into a
vial and dilute with distilled water.
6. Flood a glass slide Of coverslip with the
suspension (-0.2 to 1.0ml) and dry on a hotplate
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(alternatively, the dried residue can be resuspended
and smeared with a toothpick as described above).
7. Label the glass slide, and affix the coverslip
(smear-side down) using an optical mounting
medium.

Notes The suspension can be concentrated or
cleaned following step 4, by either gravity settling
or centrifuging. The use of sieves as a first step in
preparation has been advocated by some workers,
but we have avoided this step due to the difficulty
in ensuring thorough cleaning between each prep
aration. Disposable filters are perhaps the best
option if this step is thought to be necessary.

(c) Gravity settling
1. Prepare a sediment suspension in a beaker as
described above (section 2.2.1 b: 1-4).
2. Stir the suspension and allow to settle for 1-2
minutes.
3. Decant the supernatant into a second beaker and
allow to settle for 10-15 minutes.
4. Discard the supernatant and use the settled
fraction to make a slide.

Notes Settling techniques have been described by,
e.g., Moshkovitz and Ehrlich (1976) and Hay
(1977). More precise settling fractionation is
provided by elutriation (Hay, 1977) but this
technique is time consuming, requires special
apparatus and has consequently been little used.

(d) Short centrifuging
1. Prepare a sediment suspension in a beaker as
described above (section 2.2.1 b: 1-4).
2. Decant into a labelled test-tube and load into
centrifuge.
3. Spin at 350r.p.m. for 15 seconds, and decant
supernatant into a second labelled test-tube,
discarding spun pellet containing particles
>-30J.l.ill (alternatively this step may be achieved
by gravity settling).
4. Spin at 1000r.p.m. for 30 seconds and discard
supernatant containing particles <-2 J.lm.
5. Resuspend the pellet using distilled water and
repeat process 4 until the supernatant is clear.
6. Mount the diluted suspension onto a coverslip
or microscope slide as described above.

Notes Centrifuge speeds and times will depend on
the centrifuge geometry (Katz, 1978) but also the

sediment type and age. The technique is described
by Edwards (1963), Pienaar (1966), Katz (1978)
and Taylor and Hamilton (1982). The main value
of the technique is to prepare clean samples for
SEM work. Since there is inevitably some
concentration of the larger nannofossils it should
not be used for any quantitative work.

(e) SEM preparation
1. Prepare a suspension, preferably using the cent
rifuge method (section 2.2.1d).
2. Dilute the solution using distilled water.
3. Using a pipette, carefully flood a 13mm round
coverslip with suspension and dry in an oven. The
slides may be placed on an overturned petri dish or
beaker which can be labelled. Alternatively the
coverslip can be labelled using a fine Rotring pen.
4. When dry, attach the coverslip to a labelled
aluminium EM stub using colloidal silver.
5. Coat the slide with gold or palladium
(thickness -500;\).

Notes SEM observation generally benefits from
cleaning of the sample using the centrifuge
technique described above. Alternatively, the
surfaces of sediment chips may be directly viewed
in the SEM, and in exceptional circumstances,
particularly in organic-rich, laminated sediments
where faecal pellets or 'bloom' laminae are
undisturbed, spectacular nannofossil assemblages
can be observed, including intact placolith
coccospheres, collapsed murolith coccospheres,
delicate heterococcoliths and holococcoliths (e.g.
Goy, 1981; Thomsen, 1989a, b; Lambert, 1987,
1993; Bown, 1993).

The appearance of nannofossils in the SEM is
often very much worse than might be expected
from their appearance in the LM. This is
commonly due to fine organic matter or clay
particles obscuring specimens. In addition, nanno
fossils are always harder to spot in the SEM, and
slight overgrowth and etching, which is almost
unnoticeable in the LM, can seriously affect their
appearance in the SEM. For these reasons SEM
work is only really worthwhile on the best
preserved samples.

Transmission electron microscopes are now
rarely used in routine nannofossil observation.
Preparation techniques are described in Hay
(1977).



2.2.2 Special preparation techniques

(a) Preparations for quantitative analysis
The increasing use of quantitative assemblage data
in both biostratigraphy and palaeoceanographic
studies has led to the development of more
rigorous preparation methods which allow an
approximation of the absolute number of nanno
fossils, or a particular species of nannofossil, per
unit of sediment. Backman and Shackleton (1983)
made counts on standard smear slides and proposed
that the number of specimens counted by unit area
(mm 2) is approximately proportional to the
abundance of the selected species per gram of
sediment, assuming that the grain density is
constant over the slide and that it is representative
of the sample. They compared this method with a
dilution/filtering technique developed by McIntyre
(in Backman and Shackleton, 1983) for preparing
SEM samples, and found the two techniques
compared favourably. Henriksson (1993) proposed
a similar method with the additional step of
weighing the amount of sediment on the slide
following preparation, although this requires an
extremely precise microbalance. Beaufort (1991)
argued that smear slides could not provide
representative or even grain-density distributions
across the surface of the slide, and used a modified
random-settling technique to improve evenness on
the slide. His technique used weighed sample
fractions diluted to a given volume, and allowed
reproducible calculation of the number of
specimens per gram of sediment. Variations on
his technique were described by Williams and
Bralower (1995) and Su (1996). An alternative to
these methods was proposed by Okada (1992) who
'seeded' nannofossil preparations with a measured
amount of microbeads. The ratio of counted beads
to nannofossil specimens provides a comparable
proxy for absolute abundance.

(b) Mobile mounts
For taxonomic research it is useful to be able to
turn over specimens and see them in side view.
Temporary mounts which allow rotation of
nannofossil specimens can be produced by
replacing the normal, fixed mounting medium
with a viscous medium such as immersion oil,
castor oil or silicone oil (Bramlette and Sullivan,
1961; Gartner, 1968; Romein, 1979). Movement
of the coverslip over the glass slide then allows
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controlled rotation of the nannofossil specimens.
The process may be aided by scraping the
nannofossils loose with the edge of a coverslip,
before adding the viscous medium and dropping a
coverslip on top.

(c) LM/SEM same-specimen interchange
Viewing of the same specimen in LM and SEM is
useful for confirming the identifications of
problematic specimens, allows LM location of
rare specimens and is desirable for illustration of
type specimens. Numerous authors have described
systems for doing this (e.g. Moshkovitz, 1974;
Greig, 1983; Varol, 1989c). These vary somewhat
in detail, but all employ the use of a grid which
allows re-identification of specimens. Gallagher
(1988) described a simple same-specimen method
and also reviewed several older techniques. The
basic procedure is:
1. Prepare specimens on a circular SEM coverslip
with a grid system and temporarily mount for LM
observation.
2. Using an LM, find and photograph specimens
and record their location using the grid system.
3. If necessary, clean the coverslip using a
suitable chemical solvent.
4. Mount the coverslip on an SEM stub, coat it,
relocate the specimens, and photograph them.

Notes The most problematic stage is cleaning of
the slide (step 3), since nannofossils can easily be
lost. Greig (1983) and Varol (1989c) recommend
normal immersion oil as the temporary mounting
medium which is then removed using xylene. An
alternative is to use a volatile viewing medium
instead of immersion oil and then simply allow it
to evaporate: Gallagher (1988) used methanol,
Moshkovitz (1978) used xylene or anisole.

Methods of location recording (step 2) include
use of special TEM grids (Moshkovitz, 1978),
photographic mapping, or a grid drawn by hand
with a drafting pen (Gallagher, 1988).

SEM to LM transfer can be achieved more
easily (Thierstein et ai., 1971; Smith, 1975). The
basic technique is:
1. Prepare sample on a circular SEM coverslip
with a grid system.
2. Temporarily mount on a stub and apply a thin
metal coating.
3. View in the SEM, record locations using the
grid.
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4. Remove the coverslip from the SEM stub and
permanently mount on a microscope slide.

LM to TEM techniques have also been de
scribed (Perch-Nielsen, 1967) and even techniques
for viewing both sides of a specimen in the SEM
(Mai, 1988, 1995).

(d) Thin sections
In rare cases, thin sections of highly indurated
carbonate-rich sediments may allow observation of
nannofossils, but sections need to be cut thinly
(-O.Olmm), and generally only large and abundant
nannofossils are observed, e.g. calcispheres,
Schizo~phaerellaand nannoconids.

2.2.3 Industrial samples

(a) Sample degradation
Any sample recovered during drilling will undergo
drastic change in physico-chemical conditions as it
is brought to the surface. This can cause rapid
diagenetic change and loss of nannofossils. In
scientific drilling, special precautions are normally
taken to minimise this problem, and in any case it
is only a slight problem in the chemically inert
oozes which are often the primary drilling target.
In industrial contexts, sample degradation can
cause great problems since the sediments are often
organic-rich mudrocks, will be mixed with drilling
muds, and exposed to the worst indignities of life
on drilling rigs (Jutson, 1995). In these circum
stances samples can deteriorate rapidly and slides
should be prepared at the wellhead if possible.

(b) Drilling mud samples
The most common samples provided by industrial
drilling are drill muds containing rock chips. With
such samples the best option is to pick out soft
rock chips by hand and prepare slides from them
individually. Washed rock chips are also often
available but washing may remove the softest
chips with the best nannofloras. Such chips often
contain detergents and other chemicals from the
drill muds and these can produce some strange
crystals but do not generally seem to harm the
nannofloras. Styzen and Reugger (1994) discuss
problems with polymer muds, which caused
severe coagulation, and they recommend use of
100% bleach to remove the polymers.

Clearly the contamination of cuttings samples
by downhole caving cannot be avoided and

biostratigraphy is achieved using last occurrences
(extinction datums) almost exclusively. However,
standard biostratigraphic methods can be applied to
core and side wall core (SWC) samples.

2.2.4 Live nannoplankton

A wide range of techniques is required for
preparation of live nannoplankton samples. These
notes are only a brief synopsis; see also Winter et
al. (1994).

(a) Oceanic samples
Nannoplankton are only present at concentrations
of a few thousand to a few million cells per litre
in natural populations. These concentrations are
several orders of magnitude lower than the final
concentrations needed and are too low for normal
centrifuge concentration, hence filtration is the
routine means of concentration. Typically, one to
ten litres of sea water are filtered through a 0.2
J.lm filter using a filter holder and a vacuum
pump. The volume of water filtered should be
carefully logged so that cell concentrations can be
calculated. The filter is then rinsed with buffered
distilled water to remove salts. A wide range of
filters and filtration equipment can be purchased
from companies such as Millipore. An
economical solution for small scale work is to use
in line filters connected to a syringe, and to force
the sample through under pressure rather than to
pump it under vacuum. Filters are then air dried
and stored in plastic petri dishes, with care taken
to keep the sample-side uppermost and in an acid
free environment.

The resultant filters can readily be mounted on
SEM stubs, or they can be embedded in slide
mounting medium and examined by light
microscopy. Two main types of filter are
available. Cellulose acetate filters (also called
Nucleopore filters), which are thin plastic sheets
with etched holes, are ideal for SEM work since
they have a smooth surface against which
nannofossils show high contrast. They cannot,
however, be used for light microscopy since they
are virtually opaque (most makes), or have very
poor optical properties (/sopore filters). Fibrous
cellulose nitrate filters are virtually transparent
when mounted, and can readily be used for light
microscopy. However, they are unsatisfactory for



SEM work since the fibres show high contrast and
make it difficult to locate isolated nannofossils.
There is no satisfactory compromise and the best
solution is to make two preparations per sample.

To mount filters for SEM work, double-sided
tape or nail varnish is commonly used. Both of
these, however, are volatile at high vacuums and
so should not be used in field emission SEMs,
whilst epoxy resins such as Araldite may pass
through the filter and contaminate the sample. An
effective solution to this dilemma is to use
photographic film. The film is glued to the SEM
stub with epoxy resin, matt surface upward.
Moistening the flIm surface mobilises the
emulsion and filter samples will stick to it.

(b) Culture samples
Coccolithophore cultures are typically maintained
at concentrations of around one billion cells per
litre. At these concentrations, live cells can be
viewed in simple water mounts. To prepare
permanent mounts the cells need to be harvested
to remove the salt water. For this, high-speed
microcentrifuges (Eppendorjcentrifuges) are ideal.
Culture techniques are described in Guillard (1973)
and Green et al. (1989). Cultures of the most
common coccolithophores, such as Emiliania
huxleyi and Pleurochrysis carterae, can be
purchased at low cost from culture collection
centres such as the Plymouth Marine Laboratory
(UK) or Bigelow Laboratory (USA).

2.2.5 Preparation equipment and
chemicals

(a) Essential basics
The essential equipment needed for nannofossil
preparation is very simple. An electric hotplate is
required for drying slides, and curing some
mountants. Microscope slides and coverslips are
obviously needed. Etched slide ends are convenient
for writing on directly but paper labels stick better
to smooth surfaces. Surface properties of slides
and cover-slips are highly variable: on some slides
pipetted liquid will concentrate in droplets whilst
on others it will disperse in thin films. The latter
are much easier to use. Saliva (i.e. licking) can be
used to produce the desirable properties but it is
preferable to find a source of suitable slides. It is
important to use the thinnest grade of coverslips
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available (usually 'No.1 '), since high
magnification lenses have very low depths of
field.

(b) Useful extra equipment
Most nannofossil workers use only simple
equipment but there are a number of additional
items which can be invaluable.
Centrifuge: as discussed above centrifuging can be
useful for removing clay from samples. Small
bench centrifuges taking lOml tubes are ideal.
High speeds are not needed, but the speed should
be regulatable, ideally with a braking device.
Micro-centrifuge: Eppendorjmicro-centrifuges are
almost essential for work with cultures and can be
\Jut to use in other contexts.
Ulrasonicator: Ultrasound can be used to
disaggregate samples.
Balance: For quantitative techniques a micro
balance is useful. Balances capable of measuring
in micrograms and below are, however, very
expensive.
Pipettors: Unless smear slides are used exclusively
then it is necessary to pipette sample suspensions
onto slides. Disposable plastic pipettes are
adequate, but pipettors with disposable plastic tips
allow precise measurement of the volume of liquid
being dispensed. The precision is not routinely
necessary but is invaluable for quantitative tech
niques. The most useful pipettors have a 100
IOOOml range, IO-lOOml pipettors are the next
most useful.
Filtration equipment: Basic filtration equipment
consists of microfilter disks, which are expensive,
a filter holder and a vacuum pump of some kind.
UV lamp: This is needed for curing Norland
Optical Adhesive if this is used for slide mounts.

(c) Optical mounting media
Numerous mounting media have been used for
preparing nannofossil slides, as surveyed by van
Heck (1996). They should be permanent, solid,
chemically inert and possess a refractive index
which falls below or between those of calcite
(1.658-1.486) in order to allow good resolution in
transmitted light and to avoid the effects of
inverted relief (Edwards, 1963). Many media
present problems of toxicity, impermanence,
expense, bubble formation or inconvenience. A
widely used medium which appears free of all
these problems is Norland Optical Adhesive. This
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is applied to the slide as a drop of liquid, and is
cured by exposure to UV light, using either
daylight or a UV lamp. Canada balsam has also
been used extensively and has a proven record of
longevity. One medium which should definitely
be avoided with calcareous nannofossils is
Petropoxy, since it etches and dissolves
specimens. Any medium containing xylene is
carcinogenic and should only be used in a fume
cupboard.

Whatever medium is used it is essential that it
is used sparingly since a thick layer can make it
impossible to focus on the specimens.

(d) Chemicals
Various chemical techniques can be used to help
with difficult samples. However, all chemical
techniques present possibilities of sample degrada
tion. Good practice is to use a very simple tech
nique for routine use and reconnaissance work and
only adopt more complex techniques to solve
special problems.

Buffers To avoid contaminants, most workers use
distilled water, but this is usually slightly acidic
and should be buffered if the sample is kept in
suspension for any length of time. The addition of
NH.OH, NaHCO" NH, and Na,CO, have all been
suggested for this purpose. A pH of 9.4 prevents
dissolution and provides the best dispersion of
clays (Hay, 1977). In some areas it is possible to
use tap water instead of buffered distilled water,
but it should first be checked for pH and to ensure
it does not contain suspended nannofossils.

Deflocculants Clay flocculation can cause
clumping of grains and adhesion of clay flakes to
individual nannofossils. Deflocculants such as
Calgon (sodium hexametaphosphate) can solve
these problems but can also cause sample
dissolution. They should only be used at low
dilutions (-0.1%). Ammonia (NH3) is a less
effective deflocculant but avoids the problem of
dissolution.

Oxidising agents Amorphous organic matter can
cause sample clumping and thus obscure
nannofossils. Oxidising agents, such as bleach
(NaOCl, sodium hypochlorite) and hydrogen
peroxide (HzO z), can be used to remove this
organic matter and are also widely used to clean

coccoliths grown in culture. These oxidising
agents will not cause dissolution of calcite on
their own, but if pyrite is present they can lead to
formation of sulphuric acid.

Eshet (1996) added 10% NaOCI to sediment
suspensions and soaked for 10 hours in order to
oxidise organic material. Herold-Vieuxble (1979)
removed organic material using benzene in a
Soxhlet apparatus. Girgis (1986) developed a more
complicated series of steps in order to liberate
nannofossils from kerogen-rich shales, which
involved sieving (to remove particles> 101lm),
centrifuging (to remove particles <311m), flotation
in TBE/acetone of 2.2 specific gravity (to remove
kerogen) and then centrifuge-accelerated settling in
TBE/acetone of 2.9 specific gravity (to remove
heavy minerals).

2.3 OBSERVAnON

For over 100 years, the light microscope was the
only instrument with which nannofossils could be
viewed and due to the ease of preparation and speed
of observation it has remained the primary
observational tool, particularly in biostratigraphic
applications. The advent of electron microscopes
in the 1950s provided high-resolution images of
nannofossils for the first time, and revolutionised
our ideas and knowledge of nannofossil structure
and consequently classification. However, it is
through a combination of the two observational
techniques that the maximum amount of inform
ation on nannofossils can be gathered: structural
and crystallographic information in the LM and
detailed surficial morphology from the SEM.

2.3.1 Light microscopy

For routine studies of nannofossils, and invariably
in industrial work, the LM remains the most
useful observational instrument. It allows accurate
determination of the crystallographic assembly
and, with some acclimatisation, reveals many
features of morphology which allow identification
down to species level. The observation of
significant morphological features is also less
dependent on good preservation, in contrast to the
SEM, where clay and secondary calcite overgrowth
may completely obscure the nannofossils.



Nannofossil size is close to the limit of LM
resolution and therefore high quality optics are
essential. Petrographic research microscopes will
produce acceptable results, but the low grade
microscopes available in typical undergraduate
geology laboratories will not. The principal
suppliers are Leitz, Nikon, Olympus and Zeiss.
The essential requirements are a x100 oil
immersion objective lens with a good condenser
and XPL illumination. A binocular head is
preferable for extended work.

(a) Lenses
A high quality xlOO oil-immersion objective lens
is essential. Lower powered objectives (e.g. x40)
may be used to ascertain whether slides are
productive or to log particularly large forms, such
as discoasters and nannoconids, but are not
adequate for routine observation of assemblages. If
purchasing a system it is probably better to get
strain free lenses for optimum XPL work, rather
than phase lenses, although an ideal system has
both.

(b) Stage
Stage design is important. Working with a xlOO
lens means that a mechanical stage is needed, that
is, a stage with slide movement controlled mech
anically rather than directly by hand. In addition,
XPL illumination really requires a rotating stage.
The combined requirement for a rotating stage and
mechanical control is difficult to meet well.

(c) Condenser and illumination modes
A high quality condenser lens matched to the
objective is essential, and to get good results the
condenser should be carefully set up. Phase contr
ast (PC) illumination is useful but not essential.
Reflected light illumination is never used.

(d) Accessories
The most important accessories are an eyepiece
graticule and a gypsum plate.

(e) Illumination techniques
The principle transmitted light techniques applied
are plane-polarised light, XPL, PC and XPL with
accessory (gypsum) plate. XPL is now most
commonly used but was not applied until
Kamptner's work in the 1950s. Plane-polarised
light or PC is required when low birefringence
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nannofossils are present. The gypsum plate
provides further crystallographic orientation infor
mation and is routinely used by some workers.

Using careful observation techniques, a great
deal of information concerning nannofossil
structure can be provided by light microscopy.
Reviews of microscopical theory and techniques
are provided by Romein (1979), Moshkovitz and
Osmond (1989) and Young (1992).

Bright field (BF) This is plain light viewing,
with or without a single polariser, and is available
on all microscopes. Nannofossils show low
contrast in BF but by careful use of the condenser
diaphragm, useful contrast can be obtained. In BF
the depth of focus is very narrow, which can be
useful for making careful observations at different
focal depths through specimens.

Phase contrast (PC) Phase contrast illumination
requires special lenses and condenser, and produces
a grey/blue background field on which objects
may appear bright or dark. Contrast, optical relief
and depth of field are all enhanced relative to BF
and it is a useful general purpose mode of
illumination. The contrast shown by nannofossils
is strongly dependent on their optical orientation.
Specimens with sub-vertical c-axes which can be
nearly invisible in XPL show up as very distinct
dark objects in PC, hence it can be very valuable
for locating such specimens.

Cross polarised light (XPL) As a result of their
size, composition and structure, coccoliths show
very distinct pseudo-extinction crosses in XPL.
XPL is essential for identifying many nanno
fossils and for finding them in low abundance
samples. The key principle is that brightness of a
crystal is a non-linear function of thickness and
orientation. Calcite crystals oriented with their c
axes vertical will show zero birefringence and be
dark in all orientations. With horizontal c-axes,
crystals will be dark when they are oriented
parallel to one of the polars (i.e. N-S or E-W), and
show maximum birefringence at the 45° position.
The maximum birefringence value is dependent on
thickness, hence very thin calcite crystals
«0. II-1m) will be dark whatever their orientation.

Gypsum plate In XPL, a crystal will show
maximum birefringence when its c-axis is oriented
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either NE-SW or NW-SE. Accessory plates
have their crystallographic axis oriented diagonally
and when they are inserted a birefringent mineral
will show either constructive or destructive
interference (i.e. increase or decrease in
birefringence colours, respectively). This can be
used to determine the sense of orientation of the c
axis, e.g. a rod-shaped nannolith showing straight
extinction may have the c-axis parallel to the
length of the rod (e.g. Triquetrorhabdulus
carinatus) or perpendicular to it (e.g. Onhorhabdus
serratus). Most coccoliths show sub-radial c-axis
distributions, and inserting an accessory plate
provides little additional information. However,
many nannoliths with radial structure show
tangential c-axis orientations, e.g. Nannoconus,
most Polycyclolithaceae and all Braarudosphaer
aceae. Use of an accessory plate can be invaluable
in confirming identification of these. For very
simple nannoliths, such as Quadrum gartneri.
Minylitha convallis and Florisphaera profunda.
consistency of optical orientation is a key
criterion in distinguishing them from inorganic
debris.

The most widely used accessory plate is the
gypsum plate, also known as a 11. or sensitive
tint plate. This causes a retardation of one wave
length of red light (II. =590nm) and so produces
first-order red (-purple) interference colours.
Constructive interference of this plate with first
order greys produces blue interference colours,
whilst destructive interference produces yellows
and oranges. In most microscopes the gypsum
plate is inserted with its slow/fast ray orientated
NE/SW, but this is not universal so any
pUblished colour distributions from one
microscope may be exactly inverted in another
microscope. For this reason, and many others, it
is far better to report c-axis orientations than
colour distribution patterns.

2.3.2 Scanning electron microscopy

As with light microscopy, nannofossils push the
limits of SEM resolution and for good results a
good quality, well-maintained and adjusted SEM is
needed. If it is possible to influence purchase of an
SEM, the prime criterion should be image quality
in secondary electron mode. Analytical facilities
are rarely needed. Field emission microscopes give

excellent results. Useful features include a stage
capable of high angle tilting (to 90°) and able to
take several stubs.

2.3.3 Transmission electron microscopy

The high resolution and rapid exposure time of the
TEM make it a useful tool for nannofossil work
but it is now rarely used, mainly because of the
need for elaborate preparation, including carbon
replication, and the difficulty in interpreting
'shadowed' images. The technique is worth consid
ering if extended study of individual samples in
the EM is needed, e.g. counting of Quaternary
nannofossils (Matsuoka and Okada, 1989).

2.3.4 Illustration

(a) Photography
Photography of nannofossils is necessary for
reports, publications, etc. Fine grain film should
be used but the main limits are imposed by the
specimens, not the film. In XPL, metering is
unreliable unless the microscope has spot
metering. A convenient solution is to insert the
gypsum plate, record the metering reading, then
revert to XPL for the actual photography. For
presentations, colour transparencies taken directly
on the microscope give far better results than
photographs of assembled plates.

(b) Digital image capture
It is now entirely practical and economical to set
up a system which will capture LM images direct
to a desktop computer with quality close to
conventional film. The equipment needed for this
is a computer equipped to accept a video signal
and a CCD video camera. The total cost of such
equipment will usually be a fraction of the cost of
the microscope. A well documented use of such
images is in biometric work (e.g. Backman and
Hermelin, 1986; Young et ai., 1996), but other
applications include rapid assembly of plates for
reports, investigation of morphological features
using through focal series, summary of c-axis
orientations, and query to remote experts by
sending images through the internet. The system
we use is based on an Apple Macintosh computer
and the excellent public domain program NIH-



Image, and macro programs developed for this
system are available from us (Young et ai., 1996).
Plates produced using this system illustrate the
Neogene chapter (Plates 8.1-10).

2.4 DATA COLLECTION

While the simple recording of presence or absence
of particular nannofossil species is the most basic
method of collecting and presenting data, most
nannofossil studies, whether they be biostrat
igraphic or palaeoceanographic, attempt some
quantification of abundances. Much of this data is
semi-quantitative, recording the abundance of
particular species as abundant, common, few or
rare, with each of these categories being loosely
defined in terms of a number of specimens per
number of fields of view (FOV). The definition of
these categories has varied considerably between
authors, making comparison difficult (e.g. Hay,
1970).

Recent years have seen something of a quanti
tative revolution, with a profusion of different
counting techniques being applied, and much stat
istical analysis of the results. These quantitative
studies have generally been palaeoceanographic,
seeking to identify fluctuations in the abundance
of key species in response to varying climatic or
oceanographic conditions. However, the accurate
quantification of nannofossil abundance is also of
biostratigraphic value, since it can provide a
rigorous definition of datum levels and a measure
of bioevent reliability. In addition, it allows the
recognition of 'influx' or 'acme' events which are
often correlatable at least regionally. Such acmes
are often more easily recognisable than the discrete
first or last occurrence datums of rare marker
species.

2.4.1 Semi-quantitative counting

The simplest technique is to record the approxi
mate abundance of each species in terms of speci
mens per FOV using a logarithmic scale. The
following categories are standard; R-Rare, F
FrequentlFew, C-Common, A-Abundant. There is
no universal agreement on categories but a typical
set of values is given in section 5.4. Additional
categories sometimes used include D-Dominant
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(although semantically there can only ever be one
dominant species in a sample); VR-Very Rare;
X-present but only one specimen seen.

2.4.2 Simple relative abundance
counting

The simplest way to quantify relative abundances
is to count a fixed number of specimens. Three
hundred specimens is generally regarded as a
sensible compromise between time spent and
precision required. At the 95% confidence level,
300 counts assures the presence of a taxon whose
relative abundance was 1% in the total population
(Thierstein et ai., 1977). Performing a 300
specimen count is also a valuable discipline, since
it forces identification of every specimen
encountered, and frequently reveals species which
are overlooked in simple reconnaissance. In
addition, the number of FOV required to count
300 specimens gives an approximate measure of
nannofossil abundance in the sample.

This method is independent of terrigenous or
other biogenic dilution but may not pick up rare
taxa, and difficulties are encountered when
interpreting percentage figures gathered in this
way, due to the interdependency of the figures
(closed sum effects).

For accurate counting it is best to have slides
with concentrations of about 20-30 specimens per
FOV. It is an unsatisfactory technique if there are
great variations in size and/or preservation
potential between species.

Another alternative is to count a fixed number
of FOV but for statistical analysis it is. preferable
to keep the number of specimens counted
uniform.

2.4.3 Extended counting

To quantify the abundances of rarer species, more
complex counting procedures may be used, e.g.
counting all species for the first 300 specimens,
then a further 100 specimens of the rarer species.
Alternatively, all species may be counted in 10
FOV then rare species in a further 30 FOV.

The measurement of particular marker species'
abundance has been achieved by counting the
number of specimens of a given species relative to
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all specimens of the same genus or family
(Backman and Shackleton, 1983; Fornaciari and
Rio, 1996). Assuming the taxonomic group had
similar preservational and ecological prerequisites,
the data gathered in this way can be considered
independent of preservation state, dilution and
palaeoecological exclusion.

Many variations on these methods have been
used, especially for analysis of Quaternary assem
blages which typically are dominated by small
genera (e.g. Emiliania, Gephyrocapsa, Floris
phaera) but also include rarer, large coccoliths
(e.g. Coccolithus, Calcidiscus) which may give
useful palaeoceanographic signals (e.g. Rio et aI.,
1990b; Okada, 1992).

2.4.4 Unit area counting

Backman and Shackleton (1983) noted that if
smear slides are made up at consistent concentra
tions, then the number of specimens per standard
FOV (or per unit area of slide) can be used to
compare the abundance of single species between
slides. The technique involves the counting of all
specimens of a selected taxon in a predetermined
number of FOV at a specified magnification. The
abundance data are then expressed relative to the
unit area of slide examined (number of specimens
per mm2). Although the technique is strictly semi
quantitative, Backman and Shackleton (1983)
demonstrated a close approximation to abundances
generated by more rigorous absolute preparation
and counting methods. However, the technique is
influenced by preparation technique (grain
density), dissolution and dilution.

The technique allows fast quantification of dis
tribution patterns of individual species and has
been widely used, especially in the Cenozoic, for
researching biostratigraphic events (e.g. Rio et aI.,
1990b; Fornaciari et aI., 1990) and palaeoceano
graphy (Chepstow-Lusty et aI., 1989).

2.4.5 Absolute abundance calculation

It is obviously tempting to convert counts per
unit area of slide into counts per gram of
sediment. Moreover if the sedimentation rate is
known then this data can be converted into
accumulation rates of specimens per unit area per

year. Unfortunately it is not easy to do this and
the preparation techniques must be modified
accordingly. These generally involve preparing
slides from a known weight of sample, diluted to
a given volume and settled and dried to give an
even slide coverage (e.g. Wei, 1988; Beaufort,
1991); see also discussion of preparation
techniques (section 2.2.2). As a result of the
difficulties posed by these time-consuming
preparation techniques, few workers have produced
estimates of absolute abundances of nannofossils
but examples of this approach include Williams
and Bralower (1995) and Su (1996).

2.4.6 Sediment trap counting

Absolute abundance estimates are of particular
importance in sediment trap work, and special
attention has been applied to them. Most workers
however admit that there are severe problems
posed by specimens locked within micro-zoo
plankton pellets so that most flux estimates are
underestimates (Steinmetz, 1994).

(a) Lith to cell conversion
Workers counting living nannoplankton
predominantly count complete coccospheres but
for increased rigour may also count dispersed
coccoliths and convert these loose Iiths into
equivalent numbers of coccospheres. Since the
number of coccoliths per coccosphere is highly
variable a separate estimate needs to be made for
each species. Various workers have applied this
technique to analysis of sediment trap samples and
Late Quaternary nannofossils on the grounds that
conversion to cells should give more meaningful
palaeoceanographic results.

(b) Lith to mass conversion
For sediment trap work a prime objective is to
calculate fluxes, that is, unit weights of different
components being transported toward the seabed
per unit area per unit time (e.g. grams Coccolith
CaCOim 2/year). To achieve this, counts of
coccoliths need to be converted into weights of
CaC0 3 which in turn requires estimates of the
mass of individual coccoliths. The mass of a
coccolith can be calculated from basic dimensions
and cross-sectional shape, and estimates of the
average mass of most common Quaternary



coccoliths have been made by Beaufort and
Heussner (in press) and Young and Ziveri (in
press). It should be noted that mass is
proportional to the cube of linear dimensions and
so most species will produce coccoliths varying in
mass by about an order of magnitude.

2.4.7 Preservation analysis

Nannofossil preservation is highly variable. The
principal processes are dissolution and
overgrowth, both of which may occur in varying
degrees in a single sample. It is good practice to
provide a measure of nannofossil preservation, as
this gives some indication of the integrity of the
data. The descriptive scheme of Roth and
Thierstein (1972), with modifications by Roth
(1983), is relatively widely used, relying on the
LM identification of etching and overgrowth
effects, allowing the categorisation of nannofossil
preservation as follows:
• E-3 - heavily etched (much fragmented material,

only solution-resistant species left)
• E-2 - moderately etched (irregular outlines,

delicate structures and species dissolved)
• E-l - slightly etched (serrate outlines, partial

dissolution of delicate structures)
• X - excellent (coccoliths appear pristine)
• 0-1 - slightly overgrown (extended coccolith

elements, thickened cross-bars, etc.)
• 0-2 - moderately overgrown (delicate central

structures obscured)
• 0-3 - heavily overgrown (coccoliths so

overgrown that identification is difficult)
An alternative is to simply record the general
preservation state as X-Excellent, G-Good, M
Moderate or P-Poor.

A few quantitative indices of preservation have
been proposed, e.g. Matsuoka (1990), using
percentage of Calcidiscus specimens with detached
shield, and Roth and Krumbach (1986), using
percentage of Watznaueria.

2.5 DATA PRESENTATION

Nannofossil research is a well defined specializa
tion and results of work usually need to be
presented so that they are accessible to less
specialized end users. In addition, results need to
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be adequately documented to allow other special
ists to verify them or to use the data in different
ways.

2.5.1 Biostratigraphic data presentation

Distribution charts are tables documenting the
occurrence of each species in each sample. They
are normally the most effective and efficient way
to present primary biostratigraphic data. Ideally
they should include data on relative abundances of
species, total abundance of nannofossils per
sample, preservation, inferred zonal assignment,
sample height in the section or core, and
lithostratigraphy. Quite complex charts can be
produced using a spreadsheet program (e.g. Wei,
1990). There are also a limited number of special
ist programs available to produce good graphic
output and to allow intelligent integration and
databasing of different types of stratigraphic data.

Given a good distribution chart there is no
need for detailed text description of assemblages,
instead this part of a report can concentrate on
outlining general results, problems and areas of
uncertainty. Additional diagrams are normally
needed to explain the zonation used, and
summarise correlations inferred.

Biostratigraphic results should virtually always
be presented with reference to the standard nanno
fossil zonations. These are an excellent communi
cation device and should not be abandoned simply
because one or two events cannot be recognised
locally or the author disagrees with a few details.
If appropriate, nannofossil results may then be ex
trapolated to chronostratigraphic units or Ma ages.

2.5.2 Taxonomic documentation

Most nannofossil taxa are well documented and do
not require description in a routine report. It is
good practice, however, to include an appendix
giving the full combinations of all taxa cited.
These citations should include author and date,
e.g. Coccolithus pelagicus (Wallich 1877)
Schiller 1930, but it is not necessary to include
bibliographic references; readers can instead be
referred to standard references (e.g. Perch-Nielsen,
1985a, b; this volume). A plate or two of light
micrographs illustrating marker species can be
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useful supporting documentation, particularly if
the markers are rare or the biostratigraphic inter
pretation is likely to be controversial.

If new taxa are described this should be done
thoroughly, with first class ilIustration, and in
full accordance with the latest edition of the Inter
national Code of Botanical Nomenclature. Type
material should be deposited in a professionally
curated collection, ideally a university department
or national museum. Deposited material should
include the slide containing the type specimen or
negative, together with a sub-sample of the
material from which it was prepared.

2.5.3 Journals and societies

Papers containing information on nannofossils
appear in a wide range of journals reflecting the
wide use of nannofossils in modern geological
research. Nannofossils studies have played a key

role in Ocean Drilling Program research and its
predecessor, the Deep Sea Drilling Project, and
most report volumes contain important chapters
on nannofossils.

The International Nannoplankton Association
(INA) includes most workers studying living or
fossil nannoplankton. It publishes the Journal of
Nannoplankton Research (formerly the INA
Newsletter) which includes a comprehensive bibli
ography of publications on nannoplankton as well
as short research articles. The INA also holds
international conferences every two or three years,
usually with published proceedings.

Finally, it is worth mentioning a number of
world wide web sites which provide valuable in
formation and/or images of calcareous nannofos
sils: The Calcite Palace (www.nannos.com). The
Nannofossil Lab (wwei.ucsd.edu), the Emiliania
huxleyi Home Page (www.soc.soton.ac.uk/
SUDO/tt/ehl) and the INA site (www.nhm.ac.uk/
hosted_sites/ina or gs.ucsd.edu/ina).


