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ABSTRACT - Microfossils can be a common component of ancient ceramic artefacts. Their
analysis in this unusual context is a little-known, yet promising cross-disciplinary application of
micropalaeontology. The following article presents the first detailed assessment of the
phenomenon of microfossils in ancient ceramics and demonstrates how micropalaeontology can
contribute to a range of issues in archaeological ceramic analysis and the reconstruction of the
human past. In describing a methodology by which micropalaeontologists and archaeologists can
analyse microfossiliferous ceramics, this paper presents the foundations of an approach, which is
here referred to as Ceramic Micropalaeontology.
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INTRODUCTION
Microfossils occur in a wide range of often surprising archaeological contexts including
prehistoric building materials (Thomsen, 1983), statues (Fiorentino, 1998), paintings
(Svábenická, 1995), ceramics (Quinn et al., 1998), stone tools (Brooks & Dorning, 1997), baskets
(Bryant & Morris, 1986), ancient fuel (Smith, 1997), fossil faeces (Horrocks et al., 2002),
shipwrecks (Vourela, 1994), human remains (Leroi-Gourhan, 1975), as well as the earthy strata
of archaeological sites (Groenman-van Waateringe and Jansma, 1968). The application of
micropalaeontological techniques to these unconventional assemblages can be a useful
interdisciplinary enterprise. By integrating archaeological and micropalaeontological data, it is
possible to address a range of important questions about human behaviour in the past (Quinn,
1997a).
Archaeological ceramics, as argillaceous sedimentary material that has been processed and fired,
can contain microfossils of many types (Fouqué, 1879; Farnsworth, 1964; Jansma, 1984; Hunt,
1996; Troja et al., 1996; Håkansson, 1997; Ghosh et al., 2006). Whilst archaeologists are often
aware of the presence of microfossils in this context, detailed micropalaeontological analyses of
ancient ceramics are not common. Given the level of biostratigraphic and palaeoenvironmental
information that micropalaeontology can elucidate, microfossil assemblages, where present, have
a great deal to offer the analysis of ancient ceramics.
In the following paper we detail this little known phenomenon of microfossils in archaeological
ceramics and outline a methodology by which they can be studied. By bringing together the
disparate strands of micropalaeontological work on ancient ceramics and presenting some of our
own research from the Bronze Age and later periods of the Mediterranean (Quinn et al., 1998;
Day et al., 1999a; Quinn, 1999; Quinn & Day, in press), we demonstrate that, when combined
with stylistic, petrological and chemical data from ceramics, micropalaeontology can be used to
further the aims of archaeological ceramic analysis - the determination of origin or provenance
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and the reconstruction of ancient ceramic technology. The direct application of microfossil
analyses in this way forms a very promising area of applied research, which we call Ceramic
Micropalaeontology (Quinn, 1997b).
OCCURRENCE OF MICROFOSSILS IN ANCIENT CERAMICS
The occurrence of microfossils in archaeological ceramics has been known for some time (e.g.
Fouqué, 1879; Davis, 1951). Archaeologists often study the mineralogical and petrological
composition of ceramic thin sections at magnifications of x 25 to x 400 under the polarising light
microscope. This approach is called ceramic petrography and has been responsible for the
majority of observations of microfossils in ancient ceramics, including foraminifera (Fig. 1A)
(Fouqué, 1879; Einfalt, 1978; Williams, 1978; Riley, 1981, 1982, 1983; MacGillivray et al.,
1988; Vaughan, 1990; Day, 1995; Vaughan et al., 1995; Montana et al., 2003), ostracods (Fig.
1B) (Day et al., 1999a), diatoms (Håkansson & Hulthén, 1986; 1988; Håkansson, 1997),
radiolaria (Fig. 1C) (Farnsworth, 1964; Whitbread, 1995) and silicoflagellates (Håkansson,
1997).
Microfossils can occur in several different contexts within ancient ceramics. The precise context
in which they occur is important in terms of the type of information that they can offer.
Microfossils that were present in the raw clays used for pottery making will normally appear in
the clay matrix of archaeological ceramics (Figs 1A-B, D). Solid particulate matter added to a
wet clay body as a filler or temper, may also contain microfossils. This can be limestone, chert
(Fig. 1C), or even crushed ceramic (grog). Allochthonous microfossil specimens such as airborne
pollen can be unintentionally incorporated into the body of a ceramic during its production.
Decorative coatings (slips) and paints added to the exterior of a vessel can also contain
microfossils, particularly if they were prepared from sedimentary raw materials of marine origin.
The occurrence of microfossils in archaeological ceramics is perhaps surprising given that they
are intentionally fired at high temperatures. Firing is one of a range of processes during the life
history of ceramic vessels that can potentially affect the quality of the microfossil assemblages
that they contain (Quinn, 1999). These processes include the intentional mixing of raw materials
containing different microfossil assemblages during ceramic manufacture, the unintentional
contamination of microfossil assemblages at various stages in the ceramic production process, the
modification of microfossil assemblages as a consequence of the use of ceramic artefacts, as well
as the diagenetic alteration of microfossils during the burial of ceramics in the archaeological
record.
METHODS OF STUDYING MICROFOSSILS IN ANCIENT CERAMICS
Ceramic thin sections, prepared for petrological analysis represent the most convenient means of
detecting the presence of microfossils in ancient ceramics. Whilst it may be possible to identify
favourably oriented individuals to genus or even species level in thin section (Fig. 2A), in most
cases key features, such as pore structures in foraminifera or muscle scars in ostracods, are not
well represented. An additional limitation of studying microfossils in thin section is the low
abundance of specimens. Ceramic thin sections are typically between one and ten square
centimetres in size and rarely contain more than a few individuals of larger microfossils such as
foraminifera or diatoms.
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Luckily, most groups of microfossils can be isolated successfully from samples of fired ceramics
using standard micropalaeontological techniques. Complete specimens of foraminifera (Fig. 2B)
(Davis, 1951; Quinn & Day, in press), diatoms (Gibson, 1983; Håkansson & Hulthén, 1986;
Jansma, 1990), silicoflagellates (Håkansson, 1997) and palynomorphs of several kinds (Magid &
Krzywinski, 1988, Hunt, 1996; Ghosh et al., 2006) have been liberated from small pieces of
archaeological ceramics by mechanical and chemical treatment. The drawback of such an
approach is that it is highly destructive and can therefore only be applied to sherds of lesser
archaeological importance.
Isolating complete microfossil specimens seems to be the only practical method of analysing
siliceous microfossils and palynomorphs in detail in ceramics. The transparent thecae of diatoms
are usually obscured by the clay matrix in thin sections of ceramics, which can present significant
difficulties for their taxonomic identification (Håkansson & Hulthén, 1986; Håkansson, 1997).
Studies of diatoms from ceramics have therefore concentrated on assemblages digested from
small numbers of often un-diagnostic sherds.
Because of the extremely small size of calcareous nannofossils (<10 µm) in comparison to the
thickness of thin sections (30 µm), they can often be observed as complete specimens in
archaeological ceramics under the microscope (Fig. 2C). A more convenient method of studying
calcareous nannofossils in archaeological ceramics, however, is to prepare smear slides from the
original artefacts themselves (Quinn et al., 1998; Quinn & Day, in press) (Fig. 2D).
Thin sections provide a useful means of assessing the contexts in which microfossils occur in
archaeological ceramics and should be used wherever possible to complement digested
micropalaeontological residues or calcareous nannofossil smear slides. An appreciation of the
occurrence and distribution of microfossil specimens in thin section can help to place detailed
microfossil analyses in context and add meaning to subsequent interpretations.
MICROPALAEONTOLOGY AND THE DETERMINATION OF CERAMIC PROVENANCE
A major concern in the study of archaeological ceramics is the determination of their origin or
provenance. The geographical source location of source of ceramic artefacts allows
archaeologists to explore a range of important themes, including the relationships between
different settlements or societies in the past, the existence of trade and exchange networks, the
organisation of ceramic production, and even choices made by ancient potters. As a starting
point, ceramic analysis records the petrological or chemical composition of archaeological
ceramics and compares this to local and regional geology and the nature of ceramic reference
groups of known origin.
Microfossils can be used in several ways to assist in the determination of ceramic provenance. On
a very basic level, the presence of broad groups of microfossils alongside other distinctive
inclusions in thin section may be sufficient to relate ancient ceramics to specific deposits of raw
materials. For example, Whitbread (1995) noted radiolaria within inclusions of crushed chert
temper in Greek amphorae from Corinth and linked these to a nearby outcrop of radiolarite,
providing strong evidence for the local production of ceramics at or around the site during the
first millennium BC. In favourable circumstances, the presence of specific microfossil groups in
thin section may also be used to indicate the long distance movement of non-local or imported
ceramics in the past. A good example comes from our analysis of a single distinctive sherd
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excavated from Bronze Age levels at the site of Tel Haror in the Negev Desert, Israel (Day et al.,
1999a) (Fig. 3A).
The Tel Haror Sherd, bears a hieroglyphic inscription, including a bull's head, which resembles
inscriptions in Crete (Fig. 3A) and therefore, determining the origin of the vessels from which the
sherd came is of great importance. In thin section it is characterized by the presence of two main
types of inclusions - rounded coarse grains of basic igneous rocks and ostracods (Fig. 3B). Initial
compositional analyses of the sherd suggested that it is incompatible with the local geology of the
western Negev, or other Israeli ceramics (Oren et al., 1996). Epigraphical and typological studies
both suggest that it may have come from Crete and subsequent comparison of its fabric with thin
sections of Bronze Age ceramics from various archaeological sites on the island, suggested a
possible match.
The presence of rounded basic igneous inclusions, added as sand temper, is a common
characteristic of ceramics from several parts of Crete in the Bronze Age. However, the
occurrence of these inclusions alongside ostracod specimens has, as yet, only been reported from
a few sites on the central south coast of the island (Fig. 3A). Because of the small size and
archaeological importance of the Tel Haror Sherd, we were unable to isolate microfossil
specimens for detailed taxonomic identification. However, the striking compositional similarity
between this sherd and Bronze Age “South Coast” pottery fabrics in Crete (Whitelaw et al.,
1997; Day et al., 1999b) suggests that it was probably produced from similar materials in the
same source area, east of Ierapetra on the south coast of Crete. The sherd, which seems to have
once been part of a large storage vessel, therefore provides further strong evidence for maritime
connections between Crete and the Levant during the Middle Bronze Age in the second
millennium BC (Fig. 3A).
The biostratigraphic interpretation of microfossil assemblages in archaeological ceramics
provides a more reliable means of determining the source of ancient artefacts. By using
microfossils to date the geological age in which the raw clays or temper used in the manufacture
of ancient ceramics were formed and relating this to the geographical extent of contemporaneous
deposits, it can be possible to make confident interpretations of origin and even pin-point the
exact raw materials used by potters in the past. We have adopted a biostratigraphical approach to
provenancing archaeological ceramics in our analysis of Early Bronze Age ceramics from various
sites on Crete. Calcareous, microfossiliferous, shallow marine sediments are common on Crete
and it is now clear that these clays, marls and limestones were utilised in the past by Cretan
potters (Hein et al., 2004) resulting in the occurrence of microfossils in archaeological ceramics
from numerous sites on the island.
One archaeological site that has unearthed significant quantities of microfossiliferous ceramics is
Myrtos Fournou Korifi on the south coast of Crete (Figs 4A-B). Some 47% of the ceramic
artefacts excavated from the final occupation level of this site belong to the South Coast ceramic
fabrics mentioned above (Fig. 4C). This stylistic and compositional group of ceramics is also
found at other sites along the central south coast of Crete and may have been produced at a single
location in this area using Neogene clays and water-worn sand derived from basic igneous rocks.
Both of these raw materials occur in abundance in the south coast area, where Neogene sediments
are common and river and beach sand derived from the erosion of the pre-Neogene basement
rocks can be found (Fig. 4A). The frequent occurrence of this distinctive ceramic recipe at the
Early Bronze Age sites of Fournou Korifi and Pyrgos, near the modern village of Myrtos, and the
discovery of eight clay discs at Fournou Korifi, thought to be potters turntables (Warren, 1969),
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add weight to arguments that the South Coast ceramics may have been manufactured somewhere
in the Myrtos area. However, it has not been possible to confirm or disprove this theory based
upon the petrography of the ceramics alone, as both Neogene deposits and sand are common
throughout the area. In order to investigate the provenance of the South Coast fabrics in more
detail, we analysed the microfossil assemblages in selected South Coast ceramic sherds from
Myrtos Fournou Korifi and Myrtos Pyrgos, along with material from a number of other
contemporary sites (Quinn & Day, in press).
In thin section, the microfossil assemblages of the South Coast ceramic samples were
characterised by foraminifera and ostracods. We were able to broadly identify specimens of
benthic foraminifera in some samples. However, for comparison, we isolated complete
foraminifera from a single sherd that was particularly rich in microfossils. The presence of
planktic foraminifera such as Globorotalia subscitula, dwarfed specimens of Globigerina
acostaensis and abundant Sphaeroidinellopsis indicated that it was probably manufactured with a
component of Early Pliocene raw materials (Zachariasse, 1975; Spaak, 1983). Calcareous
nannofossil smear slides prepared from this and other South Coast Ceramics according to the
method described above corroborated the biostratigraphic assignment of the foraminifera. By
comparison with the Mediterranean Pliocene zonation scheme of Driever (1988), we ascribed the
calcareous nannofossil assemblages of the South Coast Ceramics to subzone NN12-13B
(equivalent to early NN13 of Martini (1971)) (Fig. 5A).
In order to compare this biostratigraphical assessment of the South Coast ceramic samples with
the Neogene geology of the south coast region of Crete, we collected representative geological
field samples and analysed them for calcareous nannofossils. The Neogene marine sediments of
the south coast of Crete are subdivided into several formations that were deposited during latest
Middle Miocene to Early Pliocene times (Fortuin, 1977; Vidakis et al., 1993). The youngest
Neogene sediments of this area are the light coloured Early Pliocene marls of the Myrtos
Formation (Fig. 5B). This unit has a restricted distribution along the south coast and occurs
mostly as heavily tectonised gypsiferous marl breccia, which is not a suitable raw material for
ceramic production (Fig. 5B). However, there are isolated, more suitable occurrences of
undisturbed, homogeneous and laminated Early Pliocene marls of the Myrtos Formation,
including one on the hill upon which the village of Myrtos Fournou Korifi once stood (Figs 5BC), as well as other nearby deposits further to the east. These sediments are strong candidates for
the source of the microfossiliferous raw materials exploited for the manufacture of the main local
fabrics found at Myrtos Fournou Korifi and other sites in this area.
It therefore appears that the distinctive ceramics of the South Coast production group were
manufactured by Early Bronze Age potters from the locally available Myrtos Formation marls, in
combination with rounded river or beach sand. These two components were mixed in varying
amounts to produce a range of clay pastes, which were formed by hand and finished using a
turntable. This interpretation of the South Coast ceramics demonstrates how several different
lines of evidence, including micropalaeontology, can be combined to provide a picture of ceramic
production in the past. By applying microfossil biostratigraphy within an archaeological and
petrographic framework it has been possible to identify specific candidate deposits of Neogene
raw materials that were used by Bronze Age potters.
Other studies in which the biostratigraphical interpretation of microfossil assemblages has been
used to pin-point the precise sources of raw materials used in ancient ceramic production,
includes work on sites in Sicily by Troja et al. (1996), Alaimo et al. (1997) and Quinn et al.
5
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(1998). In the latter example, we studied calcareous nannofossils from ancient ceramics and
probable storage deposits of unused raw materials at a Punic (5th-6th century BC) workshop on
the island of Mozia. The Punic ceramics from this workshop contained mixed calcareous
nannofossil assemblages with specimens of Early Cretaceous, Late Cretaceous, Late Paleocene,
Late Eocene-Early Miocene, Early Pliocene and possibly Pleistocene age, in individual samples.
These assemblages matched that of the raw materials stored near the ancient kiln. For comparison
we also analysed field samples from a nearby stream, which could have represented a suitable
local source of clay for the workshop. The calcareous nannofossil assemblage of these clays was
represented by a comparable range of reworked specimens of various ages, transported from
further upstream. The close correlation between the nannofossil assemblages of river clays, the
ceramics and the unused raw materials suggests that they have a similar origin. We were
therefore able to conclude that the potters working at the workshop on Mozia utilised locally
available raw materials for the production of ceramics in Punic times.
Another way in which micropalaeontology can contribute to the determination of provenance is
through the palaeoenvironmental interpretation of microfossil assemblages occurring in ancient
ceramics. By characterizing sherds in terms of the palaeoenvironment in which their raw
materials were deposited and referring to field samples, geological reports and maps that
document the extent of specific sedimentary facies, it can be possible to trace the origin of
archaeological ceramics on several scales.
The salinity analysis of Quaternary diatom floras from ancient ceramics in northwest Europe has
been used in a range of studies to interpret provenance in this way (Foged, 1968; Edgren, 1970;
Jansma, 1977, 1981, 1984, 1990; Alhonen & Matiskainen, 1980; Alhonen et al., 1980; Alhonen
& Väkeväinen, 1981; Gibson, 1983; Matiskainen & Alhonen, 1984; Stilborg, 1997). On a simple
level, several analyses have used the distinction between ceramics containing salinity tolerant
(polyhalobous) diatoms that were produced from marine clays and those with salinity intolerant
(oligohalobous) diatoms from freshwater environments, to distinguish between local and nonlocal ceramics at coastal sites in the Netherlands and Denmark (e.g. Jansma, 1984; Stilborg,
1997). In these examples, sherds characterized by marine diatoms were assumed to have been
locally produced and those samples containing freshwater diatom floras were thought to have
been manufactured inland and imported to the coast.
A more reliable approach is to compare the diatom floras isolated from ceramics to that of
possible sources of raw materials as demonstrated by Jansma (1977) and Alhonen & Matiskainen
(1980). In the latter study, Neolithic ceramics, excavated from six sites on the Finish archipelago
of Åland, were found to contain dominantly freshwater diatom species including Melosira
arenaria and M. islandica. By comparing in detail the diatom floras of the Early Comb Ware
ceramics to the late Quaternary and Holocene sedimentary sequence of Finland, Alhonen &
Matiskainen (1980) discovered that they were equivalent to the flora of the Ancylus Formation,
which was deposited during a freshwater episode of the Baltic Sea (Alhonen, 1971; 1979).
Ancylus clays do not occur on the Åland Islands, but are common on the Finnish mainland and
appear to have been used as a raw material for Neolithic ceramics at other archaeological sites
(Alhonen & Väkeväinen, 1981). During the Neolithic, the Åland archipelago consisted of but a
few small islands and was populated by seal hunting populations. It therefore appears that these
Neolithic inhabitants brought Comb Ware ceramics with them from the mainland to the Åland
Islands in Neolithic times or were engaged in maritime trade with other Finnish settlements.
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In addition to the determination of origin or provenance, another important theme in
archaeological ceramic analysis is the reconstruction of the technology used in the manufacture
of ancient ceramic artefacts. Ceramic technology is of interest to the archaeologist as a means of
studying the craft practices and knowledge, from an appreciation of past mastery of raw
materials, to the detailing the spread and evolution of such practices and technological know-how
through space and time. Like provenance, details of technological practice are reflected in the
composition of archaeological ceramics at the microscopic level. Ceramic technology can be
conveniently broken down into the successive steps involved in the transformation of raw
materials to finished ceramic artefact, including the mixing of different clays, vessel forming and
decoration. As common microscopic components of many ceramics, microfossils have the
potential to contribute to the understanding of ceramic technology, particularly in terms of
methods of ceramic paste preparation and the technology of ancient firing.
After the selection and procurement of suitable raw materials, one of the first steps in the
production sequence of archaeological ceramics was to process them to produce a suitable clay
body. In the past, as in the present day, potters often mixed different types of clays and added
solid particulate temper to produce a workable clay paste. Detecting these actions and
characterising the nature of the different components of a clay recipe is an important source of
technological information. The analysis of microfossils in archaeological ceramics has been used
in several ways to decipher the nature of paste preparation. The presence in single sherds of
microfossils of conflicting geological ages or environmental tolerances has been interpreted as
evidence for both clay mixing (Jansma, 1977; Matiskainen & Alhonen, 1984; Hunt, 1996) or the
addition of temper (Jansma, 1981, 1984). However, as highlighted by our micropalaeontological
analysis of Punic artefacts from the island of Mozia (Quinn et al., 1998), mixed microfossil
assemblages in ceramics can also result from the exploitation of river clays containing reworked
material.
In a study of Middle Bronze Age ceramics from the site of Knossos on Crete, we have combined
calcareous nannofossil analysis with petrographic observations of thin sections to address the
subject of paste preparation (Quinn & Day, in press). The ceramics, a distinctive group of small
containers or pyxides, were found to contain well preserved Early Pliocene calcareous
nannofossil assemblages, which are compatible with the light-coloured microfossiliferous Early
Pliocene marls of the Finikia Formation, in North-central Crete, as well as in other areas of Crete.
However, field observations of these highly calcareous sediments suggest that they have a poor
workability and are therefore not suitable for the manufacture of ceramics (Day, 1989).
Nevertheless, by studying thin sections of the Knossian pyxides, we observed that planktonic
foraminifera and calcareous nannofossils occurred within distinct calcareous marly inclusions
and as discrete inclusions in the clay-rich matrix of the ceramics (Fig. 6). Similar microfossil
specimens occurred in both of these contexts suggesting that they had the same origin. The good
state of preservation of the foraminifera and the absence of reworked specimens in the calcareous
nannofossil assemblages ruled out the possibility that a single naturally mixed source such as a
river clay or a slopewash deposit could have used in the production of these ceramics. It therefore
appears that the Middle Bronze Age Knossian pyxides were produced by the mixture of a clayrich sediment with the highly-calcareous microfossiliferous marls of the Early Pliocene Finikia
Formation. The occurrence of microfossils as part of inclusions and within the clay matrix,
represent different degrees of mixing between these two types of raw materials.
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Firing is perhaps the most important part of the ceramic production process. The nature of firing
and the changes that it brings about determine many of the characteristics of a finished ceramic
vessel. Archaeologists employ a wide range of different analytical techniques to reconstruct the
specifics of ancient firing such as the maximum temperature and the type of atmosphere present
during the firing process. Crude inferences concerning the severity of the ancient firing process
have been made based upon the preservational state of microfossils in archaeological ceramics
(e.g. Davis, 1951; Linné, 1957; Brissaud & Houdayer, 1986; Jansma, 1990). In these examples,
ceramics containing well-preserved microfossils were considered to have been low-fired and
samples with poorly-preserved microfossil assemblages were assumed to have been subjected to
a higher degree of firing. Jansma (1990), who analysed the diatom assemblages of Neolithic
ceramics from two successive phases at the Dutch site of Schokland, noted a difference in the
preservation and abundance of microfossils between these different groups of samples. This he
considered to reflect a change in firing technology over time, with the potters achieving higher
firing temperatures in the later phase of the site.
By understanding the behaviour of different groups of microfossils during the firing of ceramics
and documenting the changes that they undergo during specific thermal conditions, it may be
possible to attempt more detailed interpretations of firing technology from their state of
preservation in ceramics. Palynomorphs appear to be seriously affected by firing. Firing ceramics
above 400 °C in the presence of oxygen destroys most organic matter, including pollen and
spores (Ghosh et al., 2006). However, in ceramics fired in oxygen-poor or reducing conditions, a
technological practise used by potters from early times to produce specific decorative effects
(Shaw et al., 2001), we have discovered that palynomorphs can withstand very high temperatures
(>1000 °C). The thermal alteration of palynomorphs in geological contexts has been well
documented and several indices exists that can be used to estimate the maturity of source rocks
for oil and gas formation (Staplin, 1969; Dorning, 1986). Hunt (1996) has applied the thermal
alteration index of Staplin (1969) to determine the ancient firing temperature of reduction-fired
ceramics from the British Iron Age site of North Furzton. He concluded that these archaeological
samples had been fired to a temperature of around 400 °C, equivalent to a thermal maturity of 2+
to 3. However, our own laboratory experiments into the behaviour of palynomorphs during firing
suggest that this may be an underestimation, as the thermal alteration of pollen, spores and
dinoflagellate cysts appears to proceed at a much slower rate in reduction fired ceramics.
Calcite also undergoes a transformation during firing. This process, which can lead to its
subsequent decomposition and recarbonation in pottery is well studied in archaeological ceramic
analysis (e.g. Cau et al., 2002), although the precise temperature at which calcite transforms is
affected by a range of variables. In order to investigate the alteration of calcareous nannofossils
during firing, we have fired experimental briquettes of the Albian Gault Clay at various
temperatures in an oxidising and a reducing atmosphere (Quinn, 1999). Our experiments revealed
that calcareous nannofossils can be altered at firing temperatures as low as 600 °C (Fig. 7). The
rich calcareous nannofossil assemblages of our test briquettes exhibited a reduction in
preservation and abundance as well as predictable changes in their taxonomic composition as
they were fired to increasing temperatures. This progressive alteration of calcareous nannofossil
assemblages holds significant potential for the interpretation of ancient firing temperature or
archaeothermometry. We have observed similar processes in real archaeological samples in our
study of ceramics from the Island of Mozia in Sicily (Quinn et al., 1998), confirming their
potential in this respect. Two similar Punic ceramic samples from Mozia, whose firing
temperatures were recorded by X-ray diffraction (XRD) as c. 600 and 700 °C respectively
8
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(Alaimo et al., 1997), displayed contrasting calcareous nannofossil preservation. The sample
fired to c. 600 °C revealed an abundant, diverse nannoflora, whereas the higher fired artefact,
which was compositionally very similar, contained only very rare, poorly preserved specimens,
indicating that its calcareous nannofossil assemblage had been affected by firing.
DISCUSSION AND CONCLUSIONS
The studies presented above clearly demonstrate the potential of microfossils and
micropalaeontology as a means of addressing several important issues in the analysis of
archaeological ceramics. As highly distinctive inclusions that reflect the composition of ceramics
and the process that affect them, microfossils are well suited to the interpretation of the origin of
ancient ceramic artefacts and the technology involved in their manufacture.
By applying micropalaeontology alongside other compositional, typological and archaeological
data it can be possible to boost significantly the level of interpretation in ceramic analysis. This is
particularly true in the area of ceramic provenance. The determination of provenance or origin
remains the principal aim of most analytical research on archaeological ceramics and is an area in
which micropalaeontology can be used to supplement conventional methods of analysis such as
ceramic petrology and chemistry. We have seen how micropalaeontology can be applied in
several ways to address ceramic provenance on a range of different scales.
The success or resolution of micropalaeontological provenance studies of archaeological
ceramics is dependent upon several factors, including the nature of the artefacts and their
microfossil assemblages, as well as the raw material diversity of the study area. Clearly,
geological heterogeneity is important for discriminating between ceramics from different
archaeological sites or regions. Detailed knowledge of local and regional geology is a crucial part
of all provenance investigations of archaeological ceramics: geological maps and specialist
reports that chart the distribution of major sedimentary deposits and the nature of their
microfossil assemblages are a useful source of information. However, more detailed provenance
interpretations can be sought by comparing the microfossil assemblages in ancient ceramics with
field samples of possible sources of raw materials. Fieldwork should take into account the
workability of potential clays or sediments for the manufacture of ceramics, as well as their
accessibility in the past.
Of the different groups of microfossils occurring in archaeological ceramics, calcareous
nannofossils appear to be one of the most applicable to the determination of provenance. Their
small size, ease of preparation and high biostratigraphical resolution make it possible to interpret
detailed provenance information from minute samples of archaeological ceramics. Calcareous
nannofossils have also been used to provenance several other types of ancient artefacts including
statues (von Salis, 1995; Fiorentino, 1998), building stone (Thomsen, 1983), mortar (von Salis,
1995), and even the chalk grounds of Medieval paintings (Perch-Nielsen, 1972; Svábenická,
1995; von Salis Perch Nielsen & Plahter, 1995).
In addition to the determination of provenance, micropalaeontology can also make a positive
contribution to the investigation of ceramic technology. This application of microfossils is less
well studied, yet potentially very informative. Microfossil assemblages in ceramics are sensitive
to the various production steps from raw materials to finished vessel, both in terms of their
composition and state of preservation. By studying the nature of microfossils in ceramics, and the
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contexts in which they occur, it can be possible to unravel aspects of an artefact's history, such as
the preparation of its raw materials and the way in which it was fired.
Firing is an important aspect of ceramic technology to which micropalaeontology may be
successfully adapted. Our experiments into the behaviour of calcareous nannofossils (Quinn,
1999) and palynomorphs during firing suggests that the degradation of microfossils during firing
takes place in a more or less predictable manner and thus holds potential as a more precise
indicator of firing conditions. By documenting these changes in more detail under controlled
experimental conditions, it may be possible in the future to develop new archaeothermometric
indices that use microfossils to determine the temperatures that ceramics were subjected to in the
past.
Unfortunately not all ceramics contain microfossils. Many ancient ceramic artefacts appear to
have been made from unmicrofossiliferous raw materials or clays of residual origin, deriving
from igneous or metamorphic rocks. Furthermore, it is likely that some archaeological ceramics
which once contained microfossils were so badly affected by firing or post-depositional
diagenetic processes, that no trace of their assemblages remain. Microfossil assemblages in
archaeological ceramics are generally less well preserved, less abundant and less diverse than in
geological samples making their interpretation more difficult. As we have anticipated, there are
also several additional sources of potential bias in ceramic microfossil assemblages that are not
usually encountered in conventional micropalaeontological analyses (Quinn, 1999).
Despite these drawbacks, the justification for the analysis of microfossils in ceramics or Ceramic
Micropalaeontology (Quinn, 1997b) is clearly demonstrated by the insights they can provide
about the nature of ceramic production and distribution in ancient societies. That detailed
micropalaeontological analyses of archaeological ceramics have, so far, taken place in an ad hoc
manner is perhaps down to a lack of awareness on the part of archaeologists of the value of
microfossils and the types of information that they contain. The highly specialised nature of
microfossil taxonomy and the level of experience required to interpret of microfossil assemblages
may have also restricted the number of in-depth studies on this phenomenon.
The majority of published analyses on microfossils in ceramics have been the product of
interdisciplinary collaboration between archaeologists and micropalaeontologists. In such
enterprises it is essential for both analysts to grasp the nature of each other's material and have an
appreciation of the contrasting timescales in which they both operate. Equally, in most cases,
micropalaeontological information must be combined with other information, be it typological,
chemical or petrographic. By combining their respective skills in this way, micropalaeontologists
and archaeologists can incorporate microfossil data successfully within ancient ceramic analysis
and bring it to bear on a range of interesting questions.
In presenting the first detailed assessment of ceramic micropalaeontology it is hoped that this
paper has provided a firm foundation for a more thorough approach to the subject. This will
hopefully encourage further interdisciplinary research into this a unique and very promising area
of applied micropalaeontology.
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Fig. 1. Microfossils in thin sections of archaeological ceramics. A, planktic foraminifer in plane
polarised light. Scale bar = 200 µm. B, ostracod valve in crossed polars. Scale bar = 500 µm. C,
radiolaria within a chert inclusion in plane polarised light (circles). Scale bar = 200 µm. D,
calcareous nannofossils at very high magnification in crossed polars (circles). Scale bar = 20 µm.
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Fig. 2. Methods of studying microfossils in ceramics. A, benthic foraminifer Stilostomela
adolphina in thin section, crossed polars, Scale bar = 200 µm. B, isolated benthic foraminifer
Stilostomela adolphina in picked slide. Scale bar = 250 µm. C, calcareous nannofossil
Reticulofenestra pseudoumbilica in thin section (circle), crossed polars. Scale bar = 20 µm. D,
isolated calcareous nannofossil R. pseudoumbilica in smear slide. Scale bar = 20 µm.
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Fig. 3. Provenance of the Tel Haror Inscribed Sherd. A, location of the site of Tel Haror and
likely provenance of the inscribed sherd in southern Crete (sherd re-drawn after Day et al.,
1999a). B, composition of the Tel Haror sherd in thin section, with large basic igneous inclusion
(right) and an ostracod specimen (circle). Scale bar = 500 µm.
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Fig. 4. Myrtos Fournou Korifi and the Early Bronze Age south coast ceramics. A, map of Crete
showing the location of the archaeological sites of Knossos (1) Myrtos Fournou Korifi (2) and
Myrtos Pyrgos (3), the suspected origin of the south coast ceramics (dashed line) and the extent
of microfossiliferous Neogene sediments and Pre-Neogene basement rocks (shading). B, the
ancient settlement of Myrtos Fournou Korifi. C, ceramic vessels from the south coast production
group (after Warren, 1972). Scale bar = 25 cm.

20

Quinn and Day

Fig. 5. Biostratigraphic microprovenance interpretation of the Early Bronze Age south coast
ceramics from Myrtos Fournou Korifi. A, biostratigraphic assignment of calcareous nannofossils
from representative south coast ceramic sample (shaded area) against standard nannofossil
zonation scheme of Martini (1971) (NN 11-16) and the Pliocene Mediterranean nannofossil
zonation scheme of Driever (1988) (NN 12-13A-NN 16-17B). B, outcrop of Myrtos Formation
marls and breccia close to the site of Myrtos Fournou Korifi. C, plan of the site of Myrtos
Fournou Korifi (modified from Warren, 1972).
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Fig. 6. Microfossils in thin sections of Middle Bronze Age pyxides from Knossos. A,
foraminifera in the clay matrix (square) and within a calcareous marly inclusion (circles) in thin
section (crossed polars). Scale bar = 500 µm. B, close up of globular planktic foraminifer cf.
Globigerina in the clay matrix in plane polarised light. Scale bar = 50 µm.
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Fig. 7. The degradation of calcareous nannofossils during the firing of experimental ceramic
samples, seen in the SEM. A, Watznaueria barnesae on a broken surface of Gault Clay briquette
fired to 600 °C. Scale bar = 20 µm. B, W. barnesae in briquette fired to 800 °C. Scale bar = 20
µm. C, Zeugrhabdotus erectus in briquette fired to 600 °C in the SEM. Scale bar = 20 µm. D, Z.
erectus in briquette fired to 800 °C in the SEM. Scale bar = 20 µm.
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