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ABSTRACT

Tephrochronology commonly relies upon grain-discrete analysis of glass shards to reveal the subtle geochemical differ-
ences between tephras from past explosive volcanic eruptions. The use of electron probe microanalysis for this purpose is
widely accepted by tephrochronologists. In addition, it is recognized widely that both precision and accuracy must be maxi-
mized, and that rigorous standardization procedures must be followed. In this paper, the performance of five electron micro-
probe centers used in the analysis of glass shards from Leg 152 tephras is compared, using a geochemically homogeneous
obsidian secondary standard. The results reveal the compatibility of most of the participants, supporting the comparability of
additional glass geochemistry presented within this volume.

In recent years the application of distal tephrochronology to stratigraphical problems in the North Atlantic Quaternary
record has become increasingly common. Geochemical standardization is vitally important at an early stage in the development
of tephrochronological frameworks, and it is hoped that exercises such as that presented here will encourage the production of
reliable tephra geochemical data, both on Ocean Drilling Program exercises and wider afield.
 of
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INTRODUCTION

In the International Union for Quaternary Research (INQUA) In-
ter-Congress Committee on Tephrochronology recommendations on
the geochemical analysis of tephra (Froggat, 1992), it is suggested
that calibration of analytical instruments is essential and that a com-
mon set of glass standards should be available to facilitate the analy-
sis of vitric tephras. The principal factors supporting this approach
are (1) the inherent instability of glasses during electron probe mi-
croanalysis (Keller, 1981; Nielson and Sigurdsson, 1981) and the
subsequent mobilization of sodium, and (2) the high precision re-
quired to justify geochemical correlations of discrete tephras (Hunt
and Hill, 1993). Despite these recommendations, the publication of
glass-standard analyses in association with tephra geochemical data
appears relatively uncommon. Furthermore, inspection of published
tephra geochemistry, as highlighted by Hunt and Hill (1993; 1994),
suggests that problems of sodium mobilization remain unaddressed
at a number of analytical centers, particularly with respect to North
Atlantic tephrochronology. One approach to this problem is the es-
tablishment of an interlaboratory comparability program as a check
on the quality of geochemical data. Although such exercises are fre-
quently undertaken by the radiocarbon dating community (e.g.,
I.S.G., 1982; Baillie, 1990) and, albeit to a lesser extent, by the
geochemical community (Fairbairn, 1951; Stevens and Niles, 1960;
Normand et al., 1989), literature searches have revealed very limited
documentation of the interlaboratory comparison of electron micro-
probe data (see Jarosewich et al., 1979). Such a program can serve
two functions: (1) to provide further internal checks on the data qual-
ity for users of that center, and (2) with publication of data in attrib-
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utable form, to provide a check on the likely quality of previously
published geochemical data for the wider geological (tephra) com-
munity.

In this paper we present the results of an interlaboratory compar-
ison program that was conducted following Leg 152. Data were sup-
plied by electron microprobe laboratories at Brown University,
Rhode Island; Edinburgh University; the USGS at Menlo Park; GEO-
MAR at Kiel; and Texas A&M University, College Station. In under-
taking an interlaboratory comparability program the vital first step is
to ensure the geochemical homogeneity of the potential standard. A
commonly used standard (Froggat, 1992) is a comendite obsidian
from Kenya, KN-18 (Nielson and Sigurdsson, 1981). This study is
based on a similar material, namely a sample of the Cannetto Lami
obsidian from the Lipari (Aeolian Islands) 40 km north of Sicily. This
obsidian has served as an extremely useful secondary standard, and
its petrography is described by Hunt and Hill (1996). While a number
of well documented glass standards are available, the Lipari obsidian
is particularly appropriate because it contains a wide range of the
principal major elements found in vitric tephras, and initial results
suggest that it is less susceptible to sodium mobility than some other
standards (e.g., KN-18).

THE LIPARI OBSIDIAN

The calc-alkaline island arc volcanism associated with the Aeo-
lian Islands has been producing extensive lava flows and pyroclastic
deposits from about 100 ka to the present day (Villari, 1980). The is-
land of Lipari is the largest in this archipelago and is noted for its
abundant obsidian lava flows. On the northeast of the island, several
flows that relate to the final phase (period IV) of volcanism on Lipari
can be found (Pichler, 1980). One of these flows, the Cannetto Lami
lava, is the source of the obsidian used in this study. This lava is es-
timated to be 8 ka (R.S.J. Sparks, pers. comm., 1991), in agreement
with the dates of 8300 ± 860 BP (Bigazzi and Bonadonna, 1973;
Wagner et al., 1976) obtained from the “older obsidianic lavas”
nearby Mount Pilato.

Geochemical Homogeneity of the Lipari Obsidian

The interlaboratory program described in this paper is ba
largely on the assumption that the obsidian is geochemically ho
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geneous on a micrometer scale. For the purposes of analysis, the pres-
ence of occasional microcrystalline phases does not negate this as-
sumption as they are readily visible through the electron microprobe
optics, and their analysis can be avoided easily. Backscattered elec-
tron images of random obsidian fragments sustain this assumption
because there are no apparent variations in mean atomic number. In-
spection of additional obsidian, in both backscattered electron and el-
ement mapping (Si, Al, Fetotal oxides, Mn, Mg, Ca, Na, and K) modes,
corroborates this conclusion. However, to confirm geochemical ho-
mogeneity, the obsidian was analyzed by quantitative wavelength
dispersive spectrometry (WDS) using the analytical strategy de-
scribed below.

Initial Quantitative Test

Two polished probe sections were prepared from orthogonal
slices (~2.5 cm × 1.5 cm) cut from a block of the Lipari obsidian. The
orientation of these sections permitted a 3-D assessment of spatial
variations in the geochemical composition of the obsidian. The sec-
tions were analyzed on the Cameca Camebax (see Table 1 for oper-
ating conditions) at the Edinburgh electron microprobe center. These
data were obtained by an automated run, and subsequently some data
were removed where sample surface roughness or the presence of lo-
cal heterogeneities had obviously resulted in a poor individual anal-
ysis. The Camebax data include 184 analyses, which serve as a com-
prehensive base on which to perform a statistical analysis.

Calculation of the Homogeneity Index (Boyd et al., 1967) for
each element reveals that the Lipari obsidian may be regarded as ho-
mogeneous in all elements analyzed (Hmax = 1.13). Values of H great-
er than three are taken to be indicative of chemical inhomogeneity,
and indices up to 1.2 are quoted for the standards used in the Boyd et
al. (1967) study. The H index is favored over the K-factor of Potts et
al. (1983), which is only applicable universally if the analysis routine
is constructed such that elements, in similar proportions, are analyzed
to generate the same number of raw counts. This approach is unrea-
sonable because low abundance elements would require impractica-
bly long analysis times, which would, in analysis of glasses, result in
sample damage and loss of accuracy (Froggat, 1983).

Geochemical Composition of the Lipari Obsidian

Whereas the large number of data points acquired by electron mi-
croprobe traverses confirm homogeneity of the sample and precision
of probe data, independent analysis of the sample by other techniques
is required to characterize probe accuracy. This has been achieved by
two further methods: (1) X-ray fluorescence analysis (XRF), and (2)
wet chemistry determinations. In addition, manual electron probe mi-
croanalysis was performed on a different instrument at Edinburgh.

1. XRF Analysis

A sample of the Lipari obsidian (from the same block as the orig-
inal orthogonal probe sections) was prepared for XRF analysis. The
obsidian was ground to a fine powder, 1 g of which was mixed with
5 g of borate flux, and heated in a furnace at 1100oC. The samples,
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prepared as fused beads, were analyzed on a Philips PW 1480 auto-
matic XRF spectrometer and corrections applied for mass absorption.
A range of international reference materials was used to construct the
calibration lines for individual elements. These reference materials
(from the USGS and CRPG) included: RGM-1 (USGS rhyolite), AL-
I (albite), AGV-1 (USGS andesite), BE-N (basalt), BIR-1 (Icelandic
basalt), and PCC-1 (USGS peridotite). The results of the Edinburgh
XRF analyses are extremely close ( ) to the results
provided by independent XRF analysis at a Bristol, as determined for
a sample from the same obsidian block (see Table 2).

2. Wet Chemistry Analysis

Determination of the alkali metals in glasses and feldspars has
proved problematic both by XRF analysis and by electron micro-
probe methods (e.g., Froggat, 1983). As a check on the accuracy of
the electron probe in analyzing potassium, and more particularly, so-
dium, wet chemical determinations were conducted. Calibration sam-
ples from sodium and potassium sulfates were prepared, ground, and
dried at 500oC prior to weighing. Calibration samples were prepared
as mixed and matched solutions (with sodium and potassium in sim-
ilar proportions to those expected in the obsidian). The USGS gran-
ite, G1 (see Flanagan, 1969, 1973; Fleischer, 1969), was used as a
standard to validate the Lipari results. Two techniques were used:
atomic absorption (using an air/acetylene flame on a Varian Spectra
AA.300) and flame photometry (using an air/propane flame on a
Varian Techron AA4/5). The obsidian used in these analyses was tak-
en from the same block as that which supplied the XRF powders (for
results see Table 2).

Additional electron probe microanalysis was made of the same
sections using a different instrument at Edinburgh (a Cambridge In-
struments Microscan V). The data were acquired in manual mode;
therefore, the local heterogeneities were avoidable, and all data from
a single run are included. As calibration samples used are common to
both probes, the data sets are independent in that correction processes
and probe configurations have been tested.

In North Atlantic tephrochronological studies geochemical corre-
lations have often been made by graphical (Harker and triangular
plots) comparison alone. Although this method is adequate in the
most part, it lacks the rigorous approach to correlation that is possible
through the application of similarity coefficients (Borchardt et al.,
1972; Hunt and Hill, 1993; Lacasse et al., 1995) and discriminant
function analysis (Stokes et al., 1992). For this reason we have ap-
plied the similarity coefficient (s.c.) to the results from the homoge-
neity assessment exercise and the interlaboratory comparability pro-
gram. The similarity coefficient is a numerical tool given by:

where:
d(A.B) = d(B.A) = similarity coefficient for comparison between sam-

ple A and sample B,

σmax Al2O3( ) 0.23=

d A.B( )

Ri
i 1=

n

∑
n

-------------------=
Table 1. Operating conditions for the electron microprobe centers participating in the interlaboratory comparison program.

Notes: W.D. = wavelength dispersive; d.f. = defocussed; R.A. = rastered beam; n/a = not made available; R.I. = Rhode Island; USGS = United States Geological Survey.

Laboratory
Laboratory 
identifier Spectrometry

Beam current 
(nA)

Accelerating 
voltage

(kV)
Beam size 

(µm)
Number of 
analyses

Correction 
procedure

Edinburgh (Camabax) 1 W.D. 10 20 10 184 φρz (PAP)
Edinburgh (MkV) 2 W.D. 15 20 d.f. 20 ZAF
GEOMAR, Kiel 3 W.D. 10 15 R.A. 30 PAP
Texas A&M 4 W.D. 10 20 n/a 50 n/a
USGS 5 W.D. n/a n/a n/a 3 n/a
Brown University, R.I. 6 W.D. 10 15 10 20 n/a
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i = element number,
n = number of elements in calculation,
Ri = XiA/XiB (if XiB > XiA),
Ri = XiB/XiA (if XiA > XiB),
XiA = concentration of element i in sample A, and
XiB = concentration of element i in sample B (from Borchardt et

al., 1972).
Data gathered by these methods are extremely encouraging and

indicate that the Lipari obsidian should serve as an excellent second-
ary standard for the analysis of vitric tephras. Summary electron
probe data and statistics, obtained for both the Camebax (Lab 1) and
the Microscan V (Lab 2), are presented within Table 2. Comparison
of these data indicates that both probes are consistent. Indeed the sim-
ilarity coefficient (see Table 3) outlined by Borchardt et al. (1972)
gives a near perfect agreement (s.c. = 0.99), with the largest differ-
ence (0.14% absolute) due to sodium, probably resulting from the
longer exposure time on the Camebax as the consequence of an in-
ability to blank the beam between count acquisition. However, the
additional effects of small differences in beam size cannot be dis-
counted.

The XRF data (Table 2) are in good agreement with both electron
probe data sets. The largest percentage discrepancy arises with the
comparison of the iron determinations and is almost certainly due to
the inclusion of the pyrite and oxide microcrystallites in bulk XRF
analysis.

The general agreement of the two techniques is illustrated by the
similarity coefficients (Table 3) between the XRF and probe data
Table 2. Summary data for all the laboratories participating in the international electron microprobe comparison program.

Notes: A number of additional elements have been determined in some data sets (e.g., F, Cl, S, Ti) but have been excluded as they are not common to all. FeO* indicates total iron
(Fe2O3 + FeO); σ = standard deviation; Labs 7 and 8 are XRF analyses.

Laboratory 
idenitifier Statistic SiO2 Na2O K2O FeO* MgO Al2O3 CaO MnO

Lab 1 min. 73.93 3.73 4.99 1.18 0.02 12.70 0.69 0.03
max. 74.82 4.07 5.48 1.65 0.08 13.03 0.79 0.70
mean 74.35 3.93 5.12 1.51 0.05 12.87 0.74 0.08

2σ 0.34 0.12 0.1 0.1 0.02 0.12 0.04 0.10
Lab 2 min. 73.85 3.89 5.02 1.34 0.03 12.69 0.71 0.02

max. 71.85 4.27 5.31 1.64 0.08 13.33 0.81 0.11
mean 74.27 4.07 5.17 1.49 0.05 13.00 0.74 0.07

2σ 0.60 0.20 0.16 0.16 0.12 0.28 0.06 0.04
Lab 3 min. 73.50 3.67 4.94 1.27 0.02 13.26 0.68 0.00

max. 74.58 3.99 5.23 1.67 0.06 13.65 0.80 0.11
mean 74.08 3.88 5.08 1.47 0.04 13.48 0.74 0.06

2σ 0.52 0.13 0.01 0.18 0.02 0.19 0.05 0.05
Lab 4 min. 73.59 3.72 5.05 1.33 0.01 12.97 0.66 0.00

max. 74.66 3.93 5.33 1.67 0.08 13.32 0.78 0.14
mean 74.07 3.81 5.17 1.50 0.04 13.14 0.72 0.06

2σ 0.46 0.10 0.12 0.13 0.02 0.15 0.05 0.06
Lab 5 min. 75.08 2.24 5.03 1.56 0.03 13.33 0.75 0.06

max. 75.62 2.49 5.05 1.67 0.05 13.67 0.78 0.07
mean 75.36 2.39 5.05 1.61 0.04 13.55 0.77 0.07

2σ 0.53 0.27 0.02 0.11 0.03 0.39 0.03 0.01
Lab 6 mean 73.87 4.19 5.04 1.53 0.05 12.83 0.73 0.07

2σ 0.68 0.44 0.26 0.18 0.04 0.16 0.06 0.10
Lab 7 min. 73.72 4.06 5.06 1.75 0.03 13.04 0.76 0.06
Lab 8 min. 74.03 4.06 5.18 1.73 0.00 12.72 0.72 0.08
Lab 9 min. 3.78 4.50

max. 4.34 5.33
mean 4.06 4.99

2σ 0.15 0.25
Lab 10 min. 3.55 4.86

max. 4.12 5.19
mean 3.89 5.01

2σ 0.17 0.13
Table 3. Similarity coefficients for the analyses of the sodium content of the Lipari obsidian.

Notes: Mean values of EPMA and wet chemical data, and a single XRF analysis, were used in the calculation of the coefficient. In all cases s.c. > 0.96.

Analytical method Identifier Lab 1 Lab 2 Lab 7 Wet ch. 1 Wet ch. 2

EPMA Lab 1 1
EPMA Lab 2 0.97 1
XRF Lab 7 0.97 1 1
Wet chemical analysis Wet ch. 1 0.97 1 1 1
Wet chemical analysis Wet ch. 2 0.99 0.96 0.96 0.96 1
(s.c.mkv(Lab 2) = 0.96; s.c.cmb(Lab 1) = 0.96). Using the probe-XRF com-
parison enables the establishment of a threshold similarity coefficient
value for the Lipari obsidian. The minimum value for the similarity
coefficient between the probe data established in the homogeneity as-
sessment and probe data from other laboratories should therefore not
be lower than s.c. = 0.96 (Hunt and Hill, 1996).

Data from the “wet” chemical determination of sodium and pota
sium further confirm the composition of the Lipari obsidian. In tot
eight determinations for sodium and six for potassium were obtain
Taking mean values, the similarity coefficients for sodium and pot
sium exceed s.c. = 0.97 for all combinations of Edinburgh wet che
istry, XRF, and electron probe data (Table 3).

THE INTERLABORATORY COMPARABILITY 
PROGRAM

The homogeneous Lipari obsidian was distributed to all of t
participating laboratories, as fragments of the original section
block. An analytical protocol was not circulated, although it was su
gested that ~20 analyses would form a meaningful contribution.
avoid biasing the results, the contributing laboratories were reque
to prepare and analyze the obsidian using the same conditions
would have been normally adopted for the analysis of vitric tephr
The obsidian analyses from these laboratories were therefore 
formed under the same conditions used in the acquisition of th
published tephra data, and the reliability of the obsidian data is c
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sequently linked directly to the reliability of such published tephra
data.

Results of the Comparability Program

Representative geochemical data from the interlaboratory analy-
sis of the obsidian are listed in the Appendix. For brevity, these data
are referred to by source (Labs 1−6), and operating conditions and
summary data are presented, respectively, in Tables 1 and 2. A total
of 288 separate analyses were performed on the obsidian, collectively
representing 2617 discrete data points. This database provides a ro-
bust foundation for the statistical comparison of the performance of
the participating laboratories. Mean data values for each data set have
been used as the basis for discussion throughout the remainder of this
paper, and 2σ values are provided for each data set in Table 2.

Calculation of variance from the mean compositional data sup-
plied by each laboratory (Table 4) indicates that sodium and silicon
together account for ~90% of all the variability between laboratories.
The data suggest that these elements are the most appropriate for in-
vestigation in the interlaboratory comparison program and that to-
gether they form a reliable basis for categorizing and discriminating
between the data sets.

Principally on the basis of the sodium and silicon assays (Fig. 1),
the electron probe data can be categorized broadly into two groups:
(1) the concordant data—those whose mean and range corres
with the wet chemistry and XRF assays, and are in agreement w
the Homogeneity Index as discussed earlier; and (2) the discord
data—those whose accuracy is not in accord with data from grou

Data sets are discussed within this context although refere
should be made to the summary data (Table 2) and to the interlab
tory similarity coefficients calculated from all major element da
(Table 5) for all laboratories. A value of s.c. = 0.95 is taken as the
vision between correlation and noncorrelation. In the following d
cussions the sodium and silicon means and 2σ ranges for each labo-
ratory (Table 2) will also be used as a means of performance ass
ment.

Group 1: the Concordant Data

Data from Laboratories 1 and 2 have already been discussed 
respect to the homogeneity of the obsidian and their comparison w
the XRF and wet chemistry data.

Laboratory 3

This data set was acquired by WDS at a beam current of 10 
and an accelerating voltage of 15 kV. The range of the data set o
laps with data from Labs 1 and 2 and the XRF analyses, for both
dium and silicon, with good agreement between the mean and 2σ val-
ues. The s.c. values between these data and those from Labs 1 
are 0.98 and 0.97, respectively.

Laboratory 4

Data were acquired by WDS at a beam current of 10 nA, and
accelerating voltage of 20 kV. As with Lab 3, the range of the data
overlaps with data from Labs 1 and 2 and the XRF analyses, for b
sodium and silicon, with good agreement between the mean andσ
values. The s.c. values between these data and those from Labs 
2 are both 0.98.

Laboratory 6

Data were acquired by WDS at a beam current of 10 nA and
accelerating voltage of 15 kV. The sodium field indicates slight
higher values in comparison with Labs 1 and 2, whereas silicon
marginally less abundant. Nevertheless, the range of the data
overlaps with data from Labs 1 and 2 and the XRF analyses, for b
sodium and silicon, with good agreement between the mean andσ
values. The s.c. values between these data and those from Labs 
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2 are both 0.98. Sodium loss was minimized in this laboratory by 
ing a beam defocussed to 10 µm and by counting at regular (2 s) 
intervals. The sodium content was determined by extrapolation of 
resultant decay curve back to count-initiation.

Group 2: the Discordant Data

Only one laboratory has provided data that deviates from the c
cordant cluster.

Laboratory 5

Data from this laboratory are generally of good precisio
( ). However, discrepancies arise between this da
set and those in Group 1, particularly with respect to sodium, silic
and (to a lesser extent) aluminum. The sodium is consistently low
than expected, and this is accompanied by high silicon and alumin
values. Similarity coefficients relating these data to probe Labs 1 a
2, and the XRF Labs 7 and 8, give values of s.c. = 0.90 − 0.91 and s.c.
= 0.90, respectively. These data indicate the over-representatio
high abundance elements associated with sodium loss.

σmax SiO2( ) 0.27=

Table 4. Percentage contributions made by each major/minor element
toward the variability of the interlaboratory data set.

SiO2 Na2O K2O FeO* MgO Al2O3 CaO MnO

34.40 53.44 0.37 0.24 0.04 11.46 0.04 0.01

2

2.5

3

3.5

4

4.5

5

7 3 73.5 7 4 74.5 7 5 75.5 7 6

Lab.1
Lab.2
Lab.7 (XRF)
Lab.8 (XRF)
Lab.3
Lab.4
Lab.5
Lab.6

SiO
2
 (wt. %)

N
a 2O

 (
w

t. 
%

)
Figure 1. Data from the analysis of the Lipari obsidian as determined in this
interlaboratory exercise. The XRF and probe data are all concordant, with the
exception of Lab 5. This data set is characterized by low Na2O and high
SiO2. This behavior is commonly associated with electron-beam-induced
sodium mobility and its consequent “loss” from the determined assay.

Table 5. Similarity coefficients based on mean values for all electron
microprobe major element data calculated by the methods outlined in
Borchardt et al. (1972). 

Note: Of these data sets only that from Laboratory 5 falls below the threshold similarity
coefficient (s.c. = 0.96) for comparability with the homogeneity assessment data.

Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 6

Lab 1 1
Lab 2 0.99 1
Lab 3 0.98 0.97 1
Lab 4 0.98 0.98 0.98 1
Lab 5 0.90 0.91 0.91 0.91 1
Lab 6 0.98 0.98 0.97 0.97 0.90 1
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INTERPRETATIONS

The data are discussed in more detail here, in an attempt to explain
any discrepancies. Failure to do so would weaken, at least in part, the
case for the homogeneity of all the Lipari samples. Furthermore,
without such explanation, the rejection of one data set over another
could result in the program being viewed perhaps as Edinburgh bi-
ased. The data sets are discussed in the order presented in the previ-
ous section. Graphical comparisons of sodium and silicon data are
presented alongside data from an earlier and similar interlaboratory
program undertaken in northern Europe. Gross errors in the determi-
nation of sodium and silicon, such as were reported by Hunt and Hill
(1996), are apparent in this study (cf. Fig. 2).

Data from Lab 5 clearly show the influence of sodium mobiliza-
tion and silicon over-representation (Table 2). The data, however, are
internally consistent, and sodium displays reasonable precision,

 (Fig. 1; Table 2), despite the small sample-size (n =
3). These data fall in the same field as that occupied by data set
from the European exercise (Hunt and Hill, 1996), which was sho
to suffer from the same problems in sodium determination. On a
age the sodium values from Lab 5 are only 60% of the mean v
calculated from the remaining laboratories, and silica differs on av
age by 1.23% (absolute). Caution should be exercised if data f
this laboratory are used in tephrochronological correlations. S
studies require extremely precise and accurate determination
geochemical differences between discrete tephras can be very s
(see Hunt and Hill, 1993). Petrologic studies generally do not req
such precision, and these data therefore can be used with more c
dence. In this instance, as silica content is high, all data fall on s
field (rhyolite) of the TAS plot (Le Maitre, 1989) despite the low s
dium value for Lab 5.

All remaining data are consistent, although it is interesting to 
amine the range and value of the determinations of sodium and s
from Lab 6. These data have been normalized to the compositio
the Smithsonian obsidian standard (KN-18), and sodium content
trapolated to analyses time, TA = 0 s. Sodium values overlap with, bu
are marginally higher than, the remaining probe and XRF data. 
differences between the data sets are not significant, however.

Potential Influence of the ZAF and PAP (φρz) Correction 
Procedures

General analytical discrepancies cannot always be attribute
instrumental failure or operator error because the different correc
procedures available to the electron microprobe analyst are also
tential causes of discrepancy. Correction procedures used in the
duction of electron microprobe data are designed to take accou
the three matrix effects: atomic number (Z), X-ray absorption (
and secondary fluorescence (F). These correction procedures
therefore commonly referred to as the ZAF correction (Sweatm
and Long, 1969; Reed, 1975; Potts, 1987). In more recent years
traditional ZAF approach has been refined, largely through the u
zation of more powerful computing techniques (Pouchou and 
choir, 1991, and references therein). To test the general compara
ty of the two approaches the raw count data from the Lipari obsid
(used in the calculation of the Lab 1 data set) were processed by
ZAF and φρz (PAP) software. The results from this exercise a
shown in Figure 3. In all cases, the ZAF data are lower by ~1% (
solute). Although this difference is not large and on its own may 
be of direct tephrological significance, it clearly can be a contribut
cause of analytical mismatches.

CONCLUSIONS

The data in this paper relate to the establishment of an interna
al interlaboratory electron microprobe comparison program. The p
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gram was devised to monitor the performance of a number of 
probe centers analyzing tephras from Ocean Drilling Program (OD
Leg 152, and to indicate the source of any analytical problems, an
assess the comparability of glass shard geochemistry in this volu
The results of the program were highly encouraging, more so than
results outlined in Hunt and Hill (1996). A number of conclusion
emerge from this program, and are listed below.

1. An important secondary standard, in this case the Lipari obs
ian, can be used reliably for monitoring the precision and r
producibility of the electron microprobe analyses obtaine
from (tephra) glass.

2. Out of the six probes (at five laboratories), all but one pr
duced results of sufficient precision and accuracy to be used
tephrochronological correlation work.
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Figure 2. Data from this exercise (within box) compared with data from a
previous European exercise (Hunt and Hill, 1996). The gross errors illus-
trated by the earlier data sets (“B” and “C”) are not apparent in this stu
Data from Lab 5 appear to suffer from the same problem as do the dat
“A.” Data “B” appear to suffer from sodium enhancement and silica und
representation. This may be due, in part, to charging and sodium “suck-in
a result of beam-induced charging (see Hunt and Hill, 1996). These d
were obtained from a sample that was not coated with a conductive film.
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Figure 3. Data from Lab 1. Two correction procedures yield significantly dif-
ferent results, particularly with respect to silica. The use of different correc-
tion procedures may result in problems in tephrochronological studies where
high accuracy and precision are required.
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3. The variability of the entire data set is explained largely by
Na2O (53.4% of variance) and SiO2 (34.4% of variance); this
variance is attributable principally to the data supplied from
one laboratory and is not a function of the obsidian, as demon-
strated by the homogeneity exercise.

4. Only one of the data sets (Lab 5) appears to have suffered from
the most commonly expected source of error (i.e., the phenom-
enon of sodium mobilization).

5. The use of different correction procedures during data process-
ing may cause small geochemical differences that could be at-
tributed to different chemical signatures.

6. (See recommendation 5: Froggat, 1992) The reliability of pub-
lished tephra geochemical data can be gauged by the wider te-
phra community, only by the inclusion of representative
geochemical analyses of a secondary glass standard, acquired
during the same analytical session in which the tephra itself
was analyzed. At the third U.K. tephra meeting (held in Chel-
tenham, 1994), the U.K. tephrochronology community agreed
to a publishing protocol using the Lipari obsidian as a second-
ary standard. A similar policy was underlined at the Edinburgh
annual meeting of the U.K. Quaternary Research Association
in 1995.
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APPENDIX

Representative Electron Microprobe Data (wt%) from the Analysis of the Lipari Obsidian in the Participating Laboratories

Notes: Laboratory identifiers listed in Table 1. FeO* represents total iron (Fe2+ + Fe3+) oxide. — = element concentration not determined.

Laboratory
identifier SiO2 TiO2 Al 2O3 FeO* MnO MgO CaO Na2O K2O P2O5 SO2 F Cl Cr

Total 
oxides

Lab 1 74.36 — 12.94 1.46 0.05 0.06 0.75 3.94 5.10 — — — — — 98.66
74.55 — 12.93 1.54 0.04 0.05 0.77 3.88 5.12 — — — — — 98.88
74.40 — 12.93 1.52 0.07 0.05 0.75 3.97 5.05 — — — — — 98.74
74.49 — 12.86 1.51 0.05 0.04 0.70 3.92 5.19 — — — — — 98.76
74.39 — 12.91 1.47 0.09 0.05 0.75 4.00 5.16 — — — — — 98.82
74.25 — 12.91 1.58 0.07 0.05 0.73 4.04 5.15 — — — — — 98.78
74.13 — 12.87 1.53 0.09 0.04 0.75 3.94 5.02 — — — — — 98.37
74.01 — 12.80 1.57 0.07 0.07 0.73 3.97 5.17 — — — — — 98.39
74.34 — 12.89 1.43 0.08 0.05 0.74 4.00 5.10 — — — — — 98.63
74.27 — 12.84 1.52 0.07 0.05 0.73 3.94 5.14 — — — — — 98.56

Lab 2 73.87 — 13.12 1.44 0.06 0.06 0.80 4.15 5.14 — — — — — 98.64
74.85 — 13.33 1.50 0.05 0.05 0.74 3.99 5.16 — — — — — 99.67
74.15 — 12.85 1.55 0.09 0.04 0.77 3.89 5.16 — — — — — 98.50
74.38 — 12.76 1.40 0.02 0.05 0.79 4.03 5.02 — — — — — 98.45
74.13 — 12.95 1.60 0.06 0.04 0.78 4.08 5.04 — — — — — 98.68
73.85 — 12.96 1.62 0.07 0.06 0.75 4.27 5.21 — — — — — 98.79
74.45 — 13.02 1.64 0.06 0.03 0.80 4.24 5.23 — — — — — 99.47
74.81 — 13.01 1.46 0.05 0.05 0.77 4.13 5.23 — — — — — 99.51
74.29 — 13.04 1.60 0.09 0.04 0.71 4.09 5.27 — — — — — 99.13
74.20 — 13.20 1.47 0.08 0.07 0.72 4.08 5.12 — — — — — 98.94
73.59 0.06 13.20 1.50 0.12 0.02 0.73 3.82 5.33 0.05 — — — 0.01 98.44

Lab 3 74.56 0.08 13.65 1.37 0.04 0.03 0.72 3.86 5.00 0.00 0.00 0.13 0.37 — 99.8
74.28 0.09 13.56 1.43 0.04 0.05 0.74 3.94 5.23 0.03 0.00 0.16 0.35 — 99.8
74.32 0.06 13.56 1.47 0.08 0.05 0.74 3.92 5.10 0.00 0.02 0.17 0.32 — 99.8
73.66 0.08 13.35 1.52 0.08 0.04 0.73 3.91 5.17 0.00 0.00 0.13 0.38 — 99.0
74.10 0.06 13.35 1.43 0.05 0.05 0.68 3.94 5.01 0.02 0.01 0.13 0.44 — 99.2
74.22 0.08 13.47 1.57 0.00 0.04 0.79 3.88 5.07 0.04 0.01 0.13 0.34 — 99.6
73.90 0.10 13.64 1.67 0.05 0.03 0.76 3.99 5.00 0.02 0.01 0.19 0.35 — 99.7
73.86 0.11 13.48 1.42 0.08 0.04 0.70 3.94 5.15 0.01 0.03 0.15 0.33 — 99.3
74.14 0.06 13.45 1.27 0.11 0.02 0.76 3.85 5.06 0.04 0.00 0.09 0.34 — 99.1
73.92 0.06 13.57 1.53 0.07 0.04 0.72 3.89 5.08 0.00 0.02 0.13 0.39 — 99.4

Lab 4 74.09 0.00 13.10 1.33 0.06 0.03 0.69 3.83 5.10 0.01 — — — 0.03 98.27
74.22 0.10 13.25 1.48 0.07 0.05 0.71 3.82 5.18 0.00 — — — 0.00 98.90
74.35 0.06 13.27 1.45 0.09 0.05 0.72 3.84 5.12 0.01 — — — 0.00 98.95
74.11 0.11 13.32 1.41 0.06 0.05 0.74 3.85 5.32 0.00 — — — 0.01 98.97
73.74 0.15 13.11 1.49 0.07 0.03 0.70 3.77 5.09 0.01 — — — 0.00 98.17
73.96 0.06 13.01 1.51 0.05 0.05 0.66 3.79 5.15 0.07 — — — 0.02 98.33
74.22 0.12 13.02 1.50 0.05 0.04 0.70 3.83 5.11 0.02 — — — 0.00 98.61
74.05 0.11 13.17 1.38 0.05 0.03 0.71 3.81 5.17 0.01 — — — 0.01 98.50
74.38 0.09 12.97 1.57 0.02 0.05 0.75 3.73 5.18 0.01 — — — 0.01 98.75
74.12 0.14 13.10 1.53 0.07 0.03 0.69 3.88 5.13 0.02 — — — 0.02 98.72

Lab 5 75.61 0.03 13.66 1.60 0.06 0.05 0.78 2.49 5.05 0.01 0.01 — 0.35 99.6
75.08 0.07 13.33 1.56 0.07 0.03 0.75 2.24 5.03 0.02 0.01 — 0.34 98.46
75.39 0.09 13.67 1.67 0.07 0.03 0.77 2.44 5.05 0.01 0.00 — 0.35 99.45

Lab 6 73.87 0.08 12.83 1.53 0.07 0.05 0.73 4.19 5.04 — — — — — 98.38
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