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ABSTRACT: Tephrabase was launched on the World Wide Web in 1995 as a tool for tephrochro-
nological research. In order to facilitate the identification, correlation and dating of tephra deposits,
this database may be interrogated through multiple routes, including by source volcano, date,
location, and tephra chemistry; datasets include stratigraphy, geochemistry, chronology and spatial
information. Currently all the European data refer to Late Quaternary Icelandic-sourced tephras, post-
12 k yr BP. The sites (62) where the tephra deposits are found include Iceland, the United Kingdom,
Ireland, the Faroe Islands, Sweden and Russia. In addition, there are also data on tephra layers in

central Mexico. Use of Tephrabase highlights the importance of selected geochemical data, but this
has to be used with care as major element characteristics alone do not always produce unique
definitions for single tephra deposits. For the most accurate results multiple criteria must be used.
Tephrabase can be found at http://www.tephrabase.org. Copyright # 2007 John Wiley & Sons, Ltd.
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Introduction
This paper reviews the development of an important tephro-
chronology database (Tephrabase) and discusses its use and
development in the context of evolving research agendas.

The fundamentals of tephrochronology are the identification,
correlation and dating of tephra deposits. Identification to the
level of a specific source eruption and the correlation of
separate deposits is, unfortunately, rarely achieved using a
single diagnostic feature (Westgate and Gorton, 1981).
Effective databases are therefore a key (if not essential) part
of the research process. Limited knowledge, or a tight regional
or temporal research focus that includes few tephras, can make
the need for comprehensive data sets seem redundant,
especially as some diagnostic characteristics such as single
glass shard chemistry can be particularly effective. As
tephrochronology develops, however, limited approaches
have become increasingly inadequate and may even be
positively misleading. The use of microtephras (cryptotephras)
in particular illustrates this problem. Very fine-grained tephras
may be dispersed over large, hemispheric-scale distances (e.g.
Pearce et al., 2004a). As a result, research on, for example, the
ice core record has to include knowledge of potential tephra
sources on at least a hemispheric, if not a global, scale. Further
complications may result when records from close to source
areas are missing, and a common cause for this is glaciation. For
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example, in the British Lateglacial stratigraphy microtephras
from Iceland have been discovered that potentially provide
crucial chronological control (e.g. Turney et al., 1997).
Unfortunately, it is not clear just how many separate Icelandic
tephras may have been produced during this period as the
source areas were buried beneath extensive ice sheets. As a
result, it is currently unclear as to whether multiple occurrences
of microtephras at British sites are all the products of different
eruptions or whether they are the result of a lesser number of
eruptions that have been repeatedly reworked and redeposited.
Subtle variations between deposits in a single profile may
indicate either the difference between separate eruptions or the
difference acquired by selective redistribution and post-
depositional modification. Beyond questions of chronology,
errors can multiply with wide-ranging implications if the
number, magnitude and extent of individual tephras are either
understated or exaggerated. It is important, therefore, to
develop comprehensive databases with diverse and comp-
lementary data on both tephras and their contexts, in order to
make the process of identification and correlation as rigorous as
possible.
Development of Tephrabase
Pioneering developments of tephrochronology in Iceland in the
mid-20th century considered visible tephra layers that could be
mapped in the field using stratigraphy and macroscopic
features such as layer thickness, colour and particle size
(e.g. Thórarinsson, 1944, 1958, 1967). Successful, rigorous
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development and application in earth, environmental and
archaeological research then proceeded with simple datasets
of maps and stratigraphic sections (e.g. Thórarinsson, 1981).
Subsequent research on microscopic distal tephras, forming
deposits so fine-grained and thin that they were invisible in field
sections, was limited by the lack of comprehensive reference
datasets and information on the geochemical signatures of
individual glass shards (e.g. Persson, 1966, 1967, 1971). The
development of micro-analytical techniques, and the electron
microprobe in particular, allowed the geochemical character-
istics of individual glass shards, and in some cases minerals, in
tephra layers to be obtained, and a large dataset to be created.
This innovation permitted long-distance correlations to be
made to sparse distal deposits (e.g. Dugmore, 1989), and with
more data these developments became more precise and
effective (e.g. Dugmore et al., 1995), and new research agendas
could be tackled (e.g. Turney et al., 2004).

The utility of geochemical correlation is considerable, but
similar characteristics can be produced by different eruptions
from the same volcano. This equifinality may occur in a series
of eruptions which follow one after another. For example,
successive Holocene basaltic and silicic eruptions from the
same Katla volcanic system can have a similar major element
chemistry (Larsen, 2000; Larsen et al., 2001; Óladóttir et al.,
2005). In addition, geochemically identical tephras may be
separated by other deposits from activity in the same volcano.
For example, the Hekla eruptions of 1510 and 1947 are
indistinguishable on the basis of major element chemistry
(Larsen et al., 1999), and both may be found in Europe: Hekla
1510 in Scotland and Northern Ireland (Dugmore et al., 1996;
Hall and Pilcher, 2002), and Hekla 1947 in Finland (Salmi,
1948) and Ireland (Hall and Pilcher, 2002). These two
chemically similar tephras were actually separated by inter-
vening eruptions in 1597, 1663, 1693, 1766, and 1845, all of
which produced tephras of different chemistries (Thórarinsson,
1967).

As a result, it became apparent in the late 1980s that
European tephrochronology (in particular research on distal
components of Icelandic tephras in northwest Europe) would
benefit from the development of a database including
geospatial, stratigraphic, chronological and geochemical
information data. The potential of such a system was raised
at the International Tephra Studies Meeting held at Edinburgh in
1990. Consultation with colleagues, including subsequent
Tephra Studies Meetings at Queen’s University (Belfast) in 1992
and the then Cheltenham & Gloucester College (now the
University of Gloucestershire) in 1994, refined the needs of the
community and defined the questions which the database
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should answer and led to a successful application to the UK’s
Natural Environmental Research Council (NERC) to develop an
operational tephrochronological database. Fortunately, this
time saw the development of the World Wide Web (WWW),
which provides the ideal mechanism by which Tephrabase is
accessed.

The original aims of the project were:
� to
can
te

ca
ate

he
es
design the database so it could store the characteristics of
tephra layers and therefore aid in the identification and
correlation of tephra layers;
� to
 allow high-quality analyses of geochemical and physical
attributes of individual tephra samples to be easily entered;
� to
 create a linked Geographical Information System (GIS)
which would allow queries to be made on location as well as
geochemical and physical attributes;
� to
 make the database widely available to the academic
community, which should have an active part in the design
process;
� to
 give the database a flexible structure, allowing subsequent
alteration and future linking with other related databases.

In order to tackle this, Tephrabase is composed of 19 main
tables, along with several relationship tables (which provide the
links between the main tables). A simplified entity relationship
diagram is shown in Fig. 1. A list of the main tables in the
database is shown in Table 1. All of the data stored in the
database are linked to a bibliographic reference stored in the
‘Reference’ table.

Newton et al. (1997) and Tephrabase (2005) provide full
technical details on the design of the database and its
implementation. Tephrabase was designed within the Oracle
Relational Database Management System. This gives access to
a suite of facilities to manage integrity, consistency and security
appropriate to a complex database, which is subject to
multi-user access, potentially comprising a mix of data query,
entry and update. The early days of the World Wide Web
necessitated the development of customised software to
provide an efficient interface between Oracle and a Web
server (Newton et al., 1997). Tephrabase has been available
since June 1995 and represented one of the earliest scientific
databases to be made available on the Web.

The data in Tephrabase are usually from published
peer-reviewed sources and authors donate data to the database.
All data retrieved from the database are linked to the reference
from which the information was sourced. Although the basic
structure of the database itself has remained the same, the
accompanying website and search forms, through which the
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Table 1 This table shows a list of the main tables in Tephrabase. Only the main data tables are described; there are also several more tables (not
shown) which help to link these tables

Database table Description Comment

Site Contains the name, locational and spatial
co-ordinates of a site

This includes profiles where tephra layers
are found and volcanic centres

Profile Details on a profile where tephra layers are found This can include cores, profiles, archaeological deposits,
surface sample etc.

Context Extra information about a site or profile This table is not used by the system at present
Tephra layer The name and depth of a tephra within a profile
Tephra subunit The name(s) and position of subunits within

a tephra layer
Physical property The physical properties of a tephra deposit Including colour, grain size, mineralogy, shard details (not

used at present)
Geochemical analysis Geochemical data Both major minor and trace elements can be stored,

although only major and minor oxides are currently stored.
Session tables A series of tables which describe the analytical

conditions for different techniques
Tephrabase was designed to store not only EPMA analyses,
But also data from other analytical techniques
(LA-ICPMS, SIMS)

Volcanic system Details on a volcano or volcanic system
Eruption Details on eruptions from a volcano

or volcanic system
Including column height; VEI; volume of tephra, lava and
Total DRE and text summary

Historical date Historical dates of eruptions Particularly important for Icelandic tephrochronology;
linked to the ‘Tephra layer’ table

14C Table Radiocarbon dates of tephra layers Linked to the ‘Profile’ and ‘Tephra layer’ tables—
radiocarbon dates presented as uncalibrated ages BP

Reference Reference database All data stored in the database is linked to a reference
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database is queried, have been regularly updated to promote
ease of use and extend functionality. This continuing
maintenance of Tephrabase has also included moving the
system to newer servers and versions of Oracle as opportunities
arose. Recent work (2005) has included the complete rewriting
of the scripts which process searches of Tephrabase and a
rationalisation of the web search forms. A summary of the
Figure 2 The search options available in Tephrabase. The grey box contains
the paths that a search can take. The dotted lines, show search paths which wil
which the data was sourced and there is also a separate reference search, whic
tool) are not shown as this is currently being developed

Copyright � 2007 John Wiley & Sons, Ltd.
searches currently available through Tephrabase is shown in
Fig. 2.

All of the data in the database are spatially referenced (linked
to a site by longitude and latitude). A mapping function has
always been part of the Tephrabase’s design. In 1995, an
interface was designed that linked Tephrabase to the Xerox
PARC Map Viewer (Gittings and Towers, 1995). This simple
the choices that are available at the start of a search and the arrows show
l be implemented soon. Most searches list bibliographic references from
h is not shown in detail. Details of Tephramap (the interactive mapping
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mapping tool enabled sites returned by a search to be displayed
on 1:10 million CIA World Data Bank II (WDBII) data, a useful
scale from continental coverage down to that of a large lake. In
2001, this service was withdrawn by Xerox and since then
mapping has been achieved via an interface to www.multi-
map.com, which is slightly more restrictive in its features.

Tephrabase now includes details on 172 tephra deposits
(42 identified individual tephra layers) at 62 sites in Europe. All
of the European tephra layers currently held were erupted from
Iceland, although the countries where the tephra deposits are
found also includes the United Kingdom, Ireland, the Faroe
Islands, Sweden and Russia. As well as stratigraphic data, 2251
geochemical analyses and 44 radiocarbon dates are stored.
Tephrochronological data from 24 publications have been
entered into Tephrabase. As well as being used by tephrochro-
nologists as a starting point in the identification of tephra layers
in their own research, it is cited in articles as a source of data
(e.g. Langdon and Barber, 2001; Zillén etal., 2002; Ranner etal.,
2005). In addition to the European data, details on 31 tephra
deposits in central Mexico are also held (519 geochemical
analyses). As this is a paper concerning a European database,
these will not be discussed in any more detail.
Discussion: databases and the development
of research agendas
Databases can be seen as either the passive repository of the data
produced by research, or key research tools that not only
facilitate new research but also determine research develop-
ments. Ten years after launching Tephrabase, it is appropriate to
examine how it has both mirrored and shaped research, and how
this could develop in the future. Tephrochronology and tephra
science are rapidly evolving areas of research, where many areas
of methodological practice differ both between and within the
main geographical areas of research. Inevitably, certain themes
are being visited and revisited before practice becomes
well-established, for example, the SCOTAV and INTIMATE
recommendations for a centralised database listed in Turney
et al. (2004) closely resemble the conclusions drawn during the
consultation process for Tephrabase and incorporated into the
original design and available on the website since 1995.
How is tephrochronology developing
as a science?

At this stage of its development there is a risk that
tephrochronology could be seen simply as a ‘stamp collecting’
exercise, where too much emphasis is placed on establishing
the distribution of different tephra deposits. Clearly, without
this data the technique cannot be employed, but identifications
of tephras on their own have to be seen as a means towards a
greater goal of tackling substantive questions of earth,
environmental or archaeological research.

As detection limits reduce and shards of tephra are recovered
from either very small samples, such as ice core segments, or
sequences containing very low abundances of tephra, the
development of both comprehensive reference datasets and the
conceptual tools to go with them are essential. Firstly, if it
is possible to find isolated grains of tephra less than
40 micrometres in diameter that could be transported
hemispherical distances within the atmosphere, then the
possibilities that have to be considered for correlation cannot
be restricted to simply the biggest and/or best-known volcanic
eruptions. Sparse traces of tephra can travel long distances from
Copyright � 2007 John Wiley & Sons, Ltd.
comparatively small-scale eruptions (e.g. Dugmore et al.,
1996; Boygle, 1998), and conversely, just because an eruption
is well-known this does not mean a distant trace of it exists.
Recent research has highlighted comprehensive records of
Icelandic volcanic activity in places such as Germany (van den
Bogaard and Schmincke, 2002); but not all downwind distal
sites necessarily contain such records; traces of major Icelandic
eruptions can prove to be elusive in other distal areas (e.g.
Buckland et al., 1997). Without comprehensive reference data
it is possible to ignore small-scale or little-known sources and
erroneously combine unrelated material; in this way database
development goes hand-in-hand with good science. In the
absence of a known source for a tephra deposit (or collection of
a few grains), two possibilities exist: it is evidence for a hitherto
unknown eruption, or it is material that has been redeposited
and/or modified since its original formation. This brings us to
the second key aspect of tephrochronologies based on sparse
traces of tephra: the concepts used.
The framework of ideas

A key question is the extent to which tephra deposits simply
form marker horizons of chronological significance, or act as
agents of environmental change. It is clear from dendrochro-
nological evidence that some short-lived environmental
perturbations coincide with tephra-forming volcanic eruptions
(LaMarche and Hirschboeck, 1984; Baillie and Munroe, 1988),
but the wider environmental and cultural significance of these
events is not clear. For example, the discovery of Hekla tephra in
the UK (Dugmore, 1989) added to a debate about the possible
impacts of volcanic activity of society, in particular those of the
Icelandic eruption of H3 on Late Bronze society in Northern
Britain (Burgess, 1989), leading to some bold ideas about both
the scale and possible impacts of H3 (Baillie, 1989a,b). The key
conceptual problem here, as expressed by Baillie (1991), is one
of ‘suck-in and smear’; are unrelated events erroneously
combined, or the wide-ranging effects of single events need-
lessly separated (Buckland et al., 1997)? This point is
exemplified by the intense and continuing debate about the
scale and timing and significance of the Bronze Age eruption of
Santorini (e.g. Hammer et al., 1987; Pearce et al., 2004a).

Data on individual tephra grains should be fact-based and
straightforward; they have a certain chemistry, particle size and
morphology, and occur in a certain place in a context of a
particular age. What is open to wider interpretation is how
these data are subsequently used. For example, have the tephra
shards experienced post-depositional modification and, where
the layer is sparse, how many are needed to define an isochron?
So there is a need for not only reference data, but also a
methodological framework in which to use it, and these ideas
shape the way in which databases are designed to be
interrogated.

For example, the desire to build a tephrochronological
framework for Europe, as a key to better models of abrupt
environmental change, requires both database developments
and a set of ideas about the significance of traces of tephra in
environments that have experienced rapid change. A database
which will help establish a tephrochronological framework for
Europe needs to include details of tephra layers erupted from
non-Icelandic volcanic centres including the Eifel in Germany
(e.g. van den Bogaard and Schmincke, 1985), Massif Central in
France (Bastin et al., 1991), Italy (e.g. Wulf et al., 2004), Greece
(e.g. St Seymour et al., 2004) and the other North Atlantic
islands including the Canaries, the Azores and Jan Mayen. In
addition to terrestrial sources, marine cores in the North
J. Quaternary Sci., Vol. 22(7) 737–743 (2007)
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Atlantic and the Mediterranean also contain an invaluable
tephrostratigraphic record (e.g. Paterne et al., 1988; Larsen
et al., 2002) as do the analysis of tephra shards found in
Greenland ice cores (e.g. Palais et al., 1992; Gronvold et al.,
1995; Zielinski et al., 1995; Pearce et al., 2004a). To aid this
process, Tephrabase already has sites which range geographi-
cally from Iceland to Russia, and no major alteration of
its structure is required to include these new areas and
environments. We would encourage those researchers with
data suitable for inclusion within Tephrabase to contact us.

Tephrochronology, while being based on the identification,
correlation and dating of tephra layers, should provide some
greater understanding than simply another date on a level in a
core. The identification of unambiguous tephra layers in the
Greenland ice sheet provides opportunities for both precise
inter-ice-core comparisons and opportunities for accurate and
precise ice core dating outwith the icecap that might otherwise
not be possible (e.g. Gronvold et al., 1995). Likewise, tephras
present in varved sediments could offer other innovative
refinements to chronological controls (e.g. Zillén et al., 2002).
Older tephra layers within marine cores dated by oxygen
isotopes (e.g. Wallrabe-Adams and Lackschewitz, 2003) offer
the potential to combine onshore and offshore chronologies.
Crucially, innovative applications can involve 3-D reconstruc-
tions based on multiple profiles that gain the maximum
advantage of the spatial properties of each individual tephra
layer (e.g. Dugmore et al., 2000).

Westgate and Gorton (1981), stressed how identification
and correlation of tephras is most effective when multiple
criteria are used. Ideally, these should include a suite of
complementary and very different types of data including
stratigraphic context and association and chronology, as well as
tephra layer and tephra grain-specific characteristics. Focusing
for a moment on just chemical analysis, major element data can
be used in a variety of ways, and different approaches are
conditioned to greater and lesser extents by both the availability
of reference data and their use. Simple graphical presentations
of selected data can be very powerful when based on carefully
selected elements (e.g. Mangerud et al., 1984, 1986; Dugmore,
1989). With increasing data density, the use of different
elements may be more effective (Dugmore et al., 1995), and
access to wider datasets, offering the potential of determining
principal components of variation, is crucial in deciding the
most appropriate elements to select for graphical presentations.
These change depending on which tephras, volcanic systems or
tectonic settings are being considered. Multivariate analyses
can offer key insights, but deciding how and when to apply
these techniques is generally driven by overall data availability
and access to reference data and independent determinations
of significance—the point at which variation within tephra
layers may be distinguished from variation between tephra
layers. Intra- and inter-tephra layer variation is highly variable
depending on the times, places and eruptions considered. In
this context, the development of analytical techniques enabling
the quantifying of trace element composition of single shards
provides another valuable tool (e.g. Pearce et al., 2004b).
Tephrabase is able to cope with this type of data, even though
none is currently stored (Table 1).

The identification of actual or potential spatial distributions is
a key aspect of tephra-related research. The demise of the Xerox
PARC Map Viewer means that a replacement, more interactive,
mapping tool needs to be developed. An example of a potential
mapping system can be found at the World-Wide Earthquake
Locator (2005), based on MapServer, an open-source web
mapping system developed by the University of Minnesota
(MapServer, 2005). This style of system permits a considerable
degree of flexibility, with the user interface and functionality
Copyright � 2007 John Wiley & Sons, Ltd.
being fully customisable to the requirements of Tephrabase. It
allows the distribution of sites where tephra layers are found to
be plotted on a scalable map. Critically, details about any
tephra layers found at particular sites can be retrieved by
clicking on the map. More recent versions of the Oracle
Database Management System provide the capability to store
and analyse geographical co-ordinates in a manner not
previously possible. This provides the capability not only to
add sophisticated spatial queries to Tephrabase, but the
possibility of combining and modelling tephra data alongside
other environmental variables which are spatially referenced.
This raises the possibility of extending the display of results to
the provision of an Open GIS Consortium (OGC)-compliant
Web Mapping Service (WMS) (de La Beaujardière, 2001). With
such a service, scientists could flexibly combine Tephrabase
results with other maps in the web environment.
Threats and opportunities

Tephrabase and tephrochronology are both at key stages of
their development. Although there are clear needs for
centralised reference databases the tasks of maintaining,
updating and developing them are significant. In the UK,
these duties are difficult to reconcile with the demands of
national Research Assessment Exercises, and research funding
will rarely, if ever, support data compilation as an end in itself.
As a result, expansion of the data stored in Tephrabase will
necessitate the development of a distributed data entry system
rather than the current centralised one. The intention is that
researchers would be able to upload their own published data
into Tephrabase, which would, after technical and consistency
checks, then be made publicly available. This would move
towards the creation of a community-maintained and devel-
oped resource. The key quality assurance requirements would
be fulfilled if data have already been published in peer-
reviewed journals. This has the advantage of reducing the
reliance on a single person to keep the system up-to-date and
gives the community a more active involvement in the project.
Thus for Tephrabase to be successful, a light-touch editorial
process should be all that is required, encouraging researchers
to submit their data, while not delaying the process of making
these data available. The use of robust web and database
technology would enable distributed editorship, which would
minimise the necessary effort and consequent delays.

Finally, the presence of a publicly accessible database
provides the opportunity to extend its use beyond the traditional
research field to include e-learning and public outreach. Current
teaching trends at both secondary and higher education are
moving towards e-learning strategies and Tephrabase is ideally
suited to this. The authors have already been contacted by
schools ranging from the USA to Sweden. The availability of an
OGC-compliant service would promote the use of such data in
project work by students, in that it would become very easy to
include tephra data within appropriate maps, which could be
relatively easily compiled without specialist computer-mapping
knowledge. There is also much to be gained from linking to
other related data resources, such as the Smithsonian Museum
of Natural History’s Global Volcanism Program (2005).
Conclusions
Over the past 10 years, Tephrabase has become a standard tool
to help the tephrochronologist in northwest Europe. It was
J. Quaternary Sci., Vol. 22(7) 737–743 (2007)
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developed at an early stage in the history of the Web and has
been updated continually to keep atleast of technological
developments. The robust nature of the existing system, based
on industry-standard Oracle database management technol-
ogy, will ensure that even a very large increase in database size
will have little effect on performance. The development of
automated data input is crucial to developing the research
utility of the database and improving the speed with which new
published data become available. In addition, technological
advances mean that it will be possible to develop interactive
mapping and presentation tools. What these technological
developments will not necessarily do is automatically correlate
or identify a tephra layer. This is because most characteristics of
tephra grains (such as morphology, grain size, and major
element chemistry) are not unique, but, as first deposited,
individual tephra layers in ice, on land, across sea floor and lake
beds do have unique characteristics because of their origin,
timing, eruption mechanism and dispersal pattern. As a result a
tephrochronologist needs to use all of the available evidence in
order to justify a correlation; minimally this should include a
combination of geochemical, stratigraphic and chronological
evidence. A ‘black box’ approach to tephrochronology, where
a button is pressed to attempt a correlation would be a
backward step. Databases can be a key step in the research
process. They are not simply passive repositories of data, as the
ways in which they are conceived, designed and developed can
have significant impacts on research directions.
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