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The strong spectral interference between Br- and Al-induced X-ray lines hampers the utilisation of electron probe
microanalysis (EPMA) for measuring Br mass fractions in Al-bearing minerals and glasses. Through measuring Br-free Al-
bearing materials, we established an EPMA method to quantify the overlap from AlKa on BrLb, which can be expressed as
a linear function of the Al2O3 content. The count rate of the BrLb peak signal was enhanced by high beam currents and
long measurement times. Application of this EPMA method to Al- and Br-bearing materials, such as sodalite and
scapolite, and to five experimental glasses yielded Br mass fractions (in the range of 250–4000 lg g-1) that are
consistent with those measured by microbeam synchrotron X-ray fluorescence (l-SXRF) spectrometry. The EPMA method
has an estimated detection limit of ~ 100–300 lg g-1. We propose that this method is useful for measuring Br mass
fractions (hundreds to thousands of lg g-1) in Al-bearing minerals and glasses, including those produced in Br-doped
experiments. In addition, the natural marialitic scapolite (ON70) from Mpwapwa (Tanzania) containing homogeneously
distributed high mass fractions of Br (2058 ± 56 lg g-1) and Cl (1.98 ± 0.03% m/m) is an ideal reference material for
future in situ analyses.
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Halogens (F, Cl, Br and I) are common elements and
important metal complexing agents in hydrothermal, meta-
morphic and magmatic systems. Compared with F and Cl, Br
is usually several orders of magnitude less abundant in
hydrous minerals (e.g., apatite, biotite and amphibole) and
in silicate glasses. Consequently, investigations on the
behaviour of Br in geological processes are relatively rare,
because they require accurate determinations of Br mass
fractions in solid phases (minerals and glasses) ranging from
100 lg g-1 to < 1 lg g-1 (e.g., Pan and Dong 2003,
Teiber et al. 2014). Little knowledge has been revealed on
the partitioning behaviour of Br in magmatic and hydrother-
mal systems, and there are only a few experiments that
studied the partitioning of Br between apatite and fluids/
melts (e.g., Dong 2005, Kusebauch et al. 2015). Currently,

several methods have been applied to measure Br mass
fractions in solid phases, including (a) proton-induced X-ray
emission (e.g., Vanko et al. 2001), (b) microbeam X-ray
fluorescence (l-XRF) spectrometry (e.g., Pan and Dong 2003,
Bernal et al. 2017), (c) pyrohydrolysis extraction and ion
chromatographic quantification (e.g., K€ohler et al. 2009), (d)
instrumental neutron activation analysis (INAA) (e.g., Pan and
Dong 2003, Marks et al. 2012, Cadoux et al. 2017), (e)
total reflection X-ray fluorescence spectroscopy (e.g., Marks
et al. 2012), (f) secondary ion mass spectrometry (e.g., Marks
et al. 2012, Kusebauch et al. 2015, Cadoux et al. 2017),
(g) laser ablation ICP-MS (e.g., Hammerli et al. 2013, 2014,
Cadoux et al. 2017), (h) noble gas method (e.g., Kendrick
2012) and (i) electron probe microanalysis (EPMA) (e.g.,
Dong 2005). Among these methods, despite the easiest
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access of EPMA instruments and its highest spatial resolution,
determination of Br by EPMA is severely hampered because
of the very low intensity of the characteristic X-ray emission
and very strong spectral interference between Br- and Al-
induced X-ray lines. In this study, we present a new analytical
protocol for measuring trace level Br (hundreds to thousands
of lg g-1) in Al-bearing minerals and glasses using EPMA.
The method was tested by comparing Br mass fractions
measured by EPMA and by microbeam synchrotron X-ray
fluorescence (l-SXRF). The EPMA method is shown to be
useful for measuring trace level Br in Al-bearing minerals
and silicate glasses.

Experimental procedures

Br- and Al-bearing minerals and glasses

The Br- and Al-materials used for EPMA in this study
include two minerals and five experimental glasses. One
mineral is a sodalite (SOD-1) from South Africa, and its Br mass
fraction has been measured by both INAA and l-XRF at 234
and 221 ± 8 lg g-1, respectively (Pan and Dong 2003). We
note that the location of this sample was mixed up with that of
another sodalite sample (Bancroft, Ontario, Canada) in Pan
and Dong (2003). Another mineral is a marialitic scapolite
(ON70) from Mpwapwa, Tanzania (Evans et al. 1969,
Teertstra and Sherriff 1997), and its Br mass fraction has been
measured by l-SXRF (see below) as 1877 ± 12 lg g-1. The
other five experimental glasses have been synthesised at
500 MPa in an internally heated pressure vessel (IHPV, see
details in Berndt et al. 2002) at the Institute of Mineralogy,
Leibniz University of Hannover, Germany. These glasses have
been prepared in the course of an experimental project
focussing on investigations of the partitioning of F, Cl and Br
between silicate melts and amphibole, biotite and apatite at
magmatic conditions. The used startingmaterials consist of two
glass powders, and their compositions are as follows: (a) a
natural tephriphonolite PF-22 from La Palma (Wengorsch
2013), and (b) a synthetic ferrobasalt SC-1 (Botcharnikov
et al.2008). Fluorine was introduced into the systembymixing
the two starting glasses with a synthetic F-rich pegmatite glass
(4.8% m/m F, Bartels et al. 2013), and the fraction of F-rich
pegmatite in the final glass mixture was 10% or 3%. Chlorine
and Br were introduced into the system by adding KCl (or
NaCl) and HBr solutions. The mixed glass powder and liquid
were sealed in Au capsules, and placed in IHPV for
experimental run at 5 kbar and 975 °C for 5 days. The
experiments were successfully quenched by dropping down
the sample to a cold zone (~ 60 °C), with a quench rate of ca.
150 °C s-1. Small fragments of the experimental products
were mounted in epoxy, polished and coated with carbon for
EPMA. Double-polishedwafers (ca. 100 lm in thickness) were

prepared for l-SXRF. The experimental products consisted of
glass plus minerals (biotite, amphibole, clinopyroxene, apatite
and/or ilmenite) (see Figures S1–S5), and their homogenous
compositions over the whole capsule indicate crystallisation at
near-equilibrium conditions (see glass compositions in
Table S1).

Microbeam synchrotron X-ray fluorescence (l-
SXRF) analysis

Microbeam synchrotron X-ray fluorescence (l-SXRF)
measurements were conducted at the Very Sensitive Ele-
mental and Structural Probe Employing Radiation from a
Synchrotron (VESPERS) beamline at Canadian Light Source
(CLS) (Feng et al. 2007, 2010). A protocol for Br determi-
nation using the l-SXRF at CLS was developed in this study.
A similar measurement method for Br mass fraction using l-
SXRF was recently reported by Cadoux et al. (2017). In this
study, a 15 keV monochromatic X-ray beam, provided by a
double multi-layer monochromator with a band pass of
1.6% and a beam size of 6 lm 9 6 lm, was chosen for the
measurements. The characteristic X-ray fluorescence spectrum
emitted from the sample (Figure 1) was recorded using a
four-element Vortex silicon drift detector (Hitachi High-
Technologies Science America, Northridge, CA, USA), which
was placed ~ 50 mm away from the sample. The detector
was positioned 45° to the sample and 90° to the incoming X-
ray beamwithin the polarisation plane (horizontal plane). The
flux of the X-ray beam was monitored continuously by ion
chambers filled with nitrogen (N2) gas. In addition, measure-
ments were also made using a polychromatic X-ray beam,
covering the energy range of ~ 5–20 keV with a beam size
of 3 lm 9 3 lm, for comparison. In this case, the experi-
mental set-up was the same as the one used for monochro-
matic beam measurement, but the Vortex detector was
placed ~ 140 mm away from the sample, and the interme-
diate slit was cut down to 0.1 mm 9 0.1 mm.

The samples in the form of doubly polished plates at a
thickness of ~ 100 lm, measured using a Mitutoyo thickness
gauge, were floated onto ametal-free Lexan film and fixed by
Kapton tape, then mounted 45° to the incoming X-ray beam
on a motorised XYZ scanning stage. Raster scans were
performed over an area of a hundred micrometres (square)
using an incident X-ray photon energy of 15 keV for 1 s per
pixel, in step sizes of 5–10 lm. At each pixel, in addition to full
X-ray fluorescence spectra recorded (Figure 1), the intensities
of ClKa, CaKa and CaKb, TiKa and TiKb, MnKa, FeKa and
FeKb, BrKa and BrKb peaks were determined, dead-time
corrected and normalised (to the incoming flux) to generate
the elemental distribution maps (Figure 2). The average
intensity of all pixels from monochromatic measurements
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was then used to calculate the elemental mass fractions, using
the Br content of SOD-1 from INAA (Pan andDong2003) as a
measurement standard (see below).

Figure 1 shows that the BrKa peaks in the XRF spectra of
the sodalite sample (SOD-1), measured using both the
polychromatic and monochromatic X-ray beams, are well
resolved and have negligible backgrounds. Figure 2 shows
that both samples SOD-1 and ON70 are highly homoge-
neous in the distribution of Br (i.e., standard deviations in the
measured intensities < 2%). The use of SOD-1 as a reference
material has been confirmed by l-SXRF measurements of two
other minerals (AP-2, chlorapatite, Bob’s Lake, Ontario; and
SCP-2,marialitic scapolite, Haliburton,Ontario; PanandDong
2003) and three Br-doped albite glasses (Figure 3), which
were synthesised frommelting ofNa2CO3-Al2O3-SiO2 (molar
ratio at 1:1:6) mixtures in platinum crucibles at 1200 °C and
atmospheric pressure for 48 h. INAA analyses of the three Br-
doped albite glasses (Code 5S at Activation Laboratories Ltd.,
Ancaster, Ontario, Canada) yielded 4330, 2480 and
466 lg g-1 Br; Table 1). The significant variations of the three
Br-doped albite glasses obtained from l-SXRF measurements
(~ 10%) can be attributed to the presence of submicrometre-
sized cavities (vesicles?) in these samples. The Brmass fractions
of scapolite ON70 and the five experimental glasses
obtained from monochromatic l-SXRF measurements, using
SOD-1 as a reference material, are compared with the results
of EPMA (see below).

Electron probe microanalysis (EPMA)

The EPMA method for measuring trace level Br described
in this study was tested using a Cameca SX100 instrument at
the Institute of Mineralogy, Leibniz University of Hannover,

Germany. The EPMA instrument was equipped with five
spectrometers and the program PeakSight, and the analyses
were performed with a 15 keV operating voltage and the
‘PAP’matrix correction after Pouchou and Pichoir (1991). High
beam currents (100 and 200 nA) and long measurement
times (120 s at peak and 60 s at background) were utilised
for detecting trace level Br (see below). Synthetic KBr and
Al2O3were used as referencematerials for quantifying Br and
Al signals.
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Figure 1. Representative l-SXRF spectrum of sodalite

(SOD-1), measured using a 15 keV monochromatic

X-ray beam, illustrating the well resolved BrKa peak at

~ 11.9 keV. Other visible peaks are also labelled.

Figure 2. Representative l-SXRF maps of BrKa in (a) sodalite

(SOD-1), measured in an area of 50 lm 3 50 lm with a

monochromatic X-ray beam, note that the obtained BrKa

intensities of 120 spot analyses varied from 0.0140 to 0.0148

with a standard deviation of 1.38%; and (b) scapolite (ON70),

measured in an area of 500 3 500 lm with a polychromatic

X-ray beam, the Br intensities for 2600 spot analyses varied

from 0.49 to 0.51 with a standard deviation of 0.67%.

[Colour figure can be viewed at wileyonlinelibrary.com]
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There is a strong spectral interference between the X-
ray lines induced from Br and Al (Figure 4), which results in
large uncertainties in quantifying the Br signal. This is
illustrated by the spectral scan of a synthetic crystal of the
end-member Na8(Al6Ge6)O24Br2 (Fleet 1989) (Figure 4a).
With the diffraction crystal of thallium acid phthalate (TAP),
there are two major Br-induced X-ray lines of BrLa (peak
position at sinh = 0.32600) and BrLb (peak position at
sinh = 0.31629), which are adjacent to two significant Al-
induced X-ray lines of AlKa and AlKb and their satellite
lines (i.e., AlsKa and AlsKb). Optimisation of pulse height
analysis (PHA) setting (e.g., Zhang et al. 2016) cannot be
used for diminishing the Al-induced spectral interference,
because both Br- and Al-induced X-ray lines are of first
order. Importantly, the peaks of BrLa and AlKa are so close

that it is hard to extract accurately the overlap from the
AlKa signal on BrLa. Therefore, BrLb is the only chance to
quantify the Br signal, even though there is still overlap (but
much less) from AlKa on BrLb. Figures 4b and c are
spectral scans for scapolite (ON70) and the experimental
glass #216, which show that the signal of BrLb with trace
level Br can only be quantified if the overlap of AlKa on
BrLb can be corrected.
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Figure 3. Comparison of Br mass fractions of two

mineral samples (AP-2 and SCP-2) and three Br-doped

albite glasses from INAA and l-SXRF analyses (using

the SOD-1 as a reference material). The dashed line is

the 1:1 line.

Table 1.
Bromine mass fractions of reference materials
analysed by INAA and l-SXRF

Sample Br (INAA) Br (l-SXRF)

lg g-1 lg g-1 s

Chlorapatite (AP-2) 75a 66 1
Scapolite (SCP-2) 115a 124 2
Sodalite (SOD-1) 234a 234 3
Br-Glass (#1) 4333 4230 342
Br-Glass (#2) 2480 2470 234
Br-Glass (#3) 466 404 42

Br-glasses in this table are Br-doped albite glasses synthesised at
atmospheric pressure (see text for details).
a INAA analyses from Pan and Dong (2003).
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Figures 4b and c show that the apparent peak height Pk
is the sum of net peak signal of Br (Pn) and the background
at the peak position (Bg1):

Pk ¼ Pnþ Bg1 ð1Þ

As there is an overlap of the AlKa peak at the BrLb peak
position, the value of Bg1 should be a function of the beam
current, ‘Bremsstrahlung’, and the intensity of the AlKa line.
Alternatively, the background value (Bg2) at the peak
position of sinh = BrLb–0.01 (that is 0.30629) has little
overlap from the AlKa peak. Following the procedure of
Zhang et al. (2016) (that was applied to correct the spectral
interference from FeLa on quantifying FKa net signal intensity),
we propose that Bg1 and Bg2 can be expressed as:

Bg1 ¼ Q � ða1 þ b1 � XAl2O3Þ ð2Þ

Bg2 ¼ Q � ða2 þ b2 � XAl2O3Þ ð3Þ

where Q is a function of the beam current, constants a1
and a2 account for the ‘Bremsstrahlung’, and constants b1
and b2 account for the intensity of the AlKa line assuming a
linear relationship with the Al2O3 content (XAl2O3).

For Br-free references (in this case, Pk = Bg1), one may
quantify the overlap from AlKa on BrLb via measuring Bg1
and Bg2:

CBr
Al�overlap ¼ ðBg1 � Bg2Þ

ðI � K Þ ð4Þ

where CBr
Al�overlap is the measured apparent Br mass fraction

derived from the BrLb intensity fully due to overlap from AlKa,
I is the beam current, and K is a conversion factor for
quantifying Br mass fraction from the count rate. Combing
the above equations, we obtain

CBr
Al�overlap ¼ a1 � a2ð Þ � Q

K � I þ b1 � b2ð Þ � Q
K � I � XAl2O3

ð5Þ
Assuming that

m ¼ a1 � a2ð Þ � Q
K � I ð6Þ

and

n ¼ b1 � b2ð Þ � Q
K � I ð7Þ

we obtain

CBr
Al�overlap ¼ mþ n � XAl2O3 ð8Þ

The values of m and n can be determined by linear
regression of the data obtained on Br-free Al-bearing

reference materials, and the relation between CBr
Al�overlap and

XAl2O3 should be applicable for other Br- and Al-bearing
materials.

For Br- and Al-bearing materials (in this case, Pn = Pk–
Bg1) with Bg1 involving overlap from AlKa, Bg1 cannot be
measured directly but can only be estimated via the
relationship between Bg1 and XAl2O3 that has been
determined based on Br-free Al-bearing references (Equa-
tion 8). Therefore, the real Br mass fraction (CBr

real , corre-
sponding to Pn) can be extracted from the measurements of
apparent Br mass fraction (CBr

measure , corresponding to Pk)
through the relation:

CBr
real ¼ CBr

measure � CBr
Al�overlap ð9Þ

Because of the low-count rate of the BrLb line, a high beam
current and a long measurement time are required to obtain
resolved peak/background ratios for determining trace level
Br, and the signal stability in such conditions needs to be
tested. We examined the signal stability using a beam size
of 5 lm for minerals and a beam size of 10 lm for glasses,
which are practical compromises between obtaining suffi-
cient resolution and reducing sample damage. Figures 5a
and b show the relationships between the AlKa and BrLb
signals and counting time for scapolite (ON70) (beam:
5 lm, 200 nA) and for the experimental glass #216 (beam:
10 lm, 100 nA), respectively. It is evident that the count
rates increase slightly with time. A similar increasing trend of
the AlKa signal with time for silicate glasses has been
previously reported (e.g., Morgan and London 1996, Zhang
et al. 2016), which results in the variation of the overlap from
AlKa on BrLb (i.e., CBr

Al�overlap). In order to accurately estimate
CBr
Al�overlap as a function of Al2O3 content, the effective Al2O3

content (Xef
Al2O3, which is higher than the real XAl2O3) that

contributes to the overlap from AlKa on BrLb can be
determined with consideration of the increasing trend of the
AlKa signal with time. Different materials may display
unequal patterns of such increasing trend for the Al count
rate. Hence, we measure Xef

Al2O3 simultaneously with the
measurement of CBr

measure using the same high current and
long measurement time, using two TAP crystals at different
spectrometers, which guarantee that the effective overlap
from AlKa on BrLb is accounted for by Xef

Al2O3.

Following the above procedures, we determined
CBr
Al�overlap for a range of Al2O3 contents by measuring

several Br-free references, including wollastonite (0.0% m/m
Al2O3), augite (8.37% m/m Al2O3), albite (19.4% m/m
Al2O3) and anorthite (35.4% m/m Al2O3) (Table 2).
Figures 6a and b show plots of CBr

Al�overlap versus Xef
Al2O3

measured with two different beam settings of 5 lm, 200 nA
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and 10 lm, 100 nA, respectively. For both settings, they
display good linear relationships (r2 values are very close to
1) that are nearly identical to each other, indicating that the
used Br-free minerals yield the same CBr

Al�overlap using the
above beam settings. Although the difference is negligible,
we propose that CBr

Al�overlap should be determined indepen-
dently at each measurement session to obtain high

accuracy. It is worth noting that both linear relations acquire
negative CBr

Al�overlap values with X
ef
Al2O3 = 0, which reflects the

rightward sloping of ‘Bremsstrahlung’ (Figure 4). In addition,
amongst the used four Br-free reference materials, only albite
exhibits an apparent discrepancy between measured Xef

Al2O3

and true Al2O3 contents, probably reflecting migration of Na
during beam exposure (Reed 2005).

The linear regression results (see Figure 6) are further
used to calculate CBr

Al�overlap for unknown Br-bearing mate-
rials over the range of Al2O3 content (at least capable within
0–40% m/m). Applying the protocol for the determination of
CBr
Al�overlap (as a function of Al2O3 content, see Equation 8)

and CBr
real (see Equation 9), we have measured selected Al-

bearing materials with trace level Br mass fractions. Sodalite
(SOD-1) and scapolite (ON70) have been measured with a
beam of 5 lm and 200 nA; five experimental glasses
(#213, #215, #216, #217, #218) have been measured
with a beam of 10 lm and 100 nA.

Results and discussion

Figure 7 shows that the Br mass fractions of the sodalite
and scapolite and the five experimental glasses obtained in
this study by the EPMA are in good agreement with those
measured using the l-SXRF method (data in Table 3), thus
confirming the high potential of the presented EPMA
measurement method. As shown in Table 3, the analytical
standard deviation was around 100 lg g-1 for Br mass
fractions within 1000–4000 lg g-1, or within 20–
100 lg g-1 for lower Br mass fractions within 100–
1000 lg g-1. Because CBr

Al�overlap refers to the background
for determining true Br mass fractions, the scatter in the
measurements of CBr

Al�overlap strongly affects the detection
limits of the Br determinations. According to the recommen-
dation of Analytical Methods Committee (1987), detection
limit corresponds to a peak count that is higher than the
mean background count by three times of standard
deviation of background count. In this case, the detection
limit of Br determinations by EPMA should be calculated as
three times of the standard deviation of measured CBr

Al�overlap
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Figure 5. Records of the count rate as a function of

time at the wavelength positions of AlKa and BrLb

peaks. (a) Scapolite (ON-70) analysed with a beam of

5 lm and 200 nA. (b) Experimental glass #216 anal-

ysed with a beam of 10 lm and 100 nA.

Table 2.
Electron probe microanalyses of Br-free reference minerals

Sample XAl2O3 X ef
Al2O3 CBr

Al�overlap X ef
Al2O3 CBr

Al�over lap

Beam = 5 lm, 200 nA Beam = 10 lm, 100 nA

% m/m % m/m lg g-1 s % m/m lg g-1 s

Wollastonite 0.0 0.0 -365 60 0.0 -363 39
Augite 8.37 8.39 1140 52 8.38 1202 79
Albite 19.4 20.5 3271 60 19.6 3187 71
Anorthite 35.4 35.5 6061 98 35.4 6290 95
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(Table 2), i.e., in the range of 120–300 lg g-1. We propose
that, with the established EPMA method, Br mass fractions
above 1000 lg g-1 in unknown materials can be mea-
sured readily with high accuracy (see Table 3 and Figure 7),
while measuring Br mass fractions below 200 lg g-1

(calculated average detection limit) are challenging with
notable uncertainty.

Of particular interest is the anomalously high Br mass
fraction in scapolite ON70, obtained by both the EPMA and
l-SXRF techniques. The Br and Cl mass fractions of
2058 ± 56 lg g-1 and 1.98 ± 0.03% m/m from EPMA
yield a molar Cl/Br ratio of 223, which is one of the lowest
values documented for scapolite in the literature (Pan and
Dong 2003, Hammerli et al. 2014). Unfortunately, the
precise location and mineral assemblage/paragenesis of
ON70 scapolite are unknown (Evans et al. 1969), preclud-
ing an elucidation of the possible origin for the anomalous
Cl/Br ratio. On the other hand, both EPMA and l-SXRF
confirm a homogeneous distribution of Br in this sample
(Figure 2b), making it a potential reference material for
future in situ determinations of Br and Cl for EPMA and other
analytical techniques (e.g., l-SXRF, LA-ICP-MS and SIMS).

Conclusions

The spectral interference from Al-induced X-ray lines on
the BrLb peak in electron probe microanalyses has been
quantified as a function of Al2O3 contents through measur-
ing Br-free Al-bearing references, and its application to Br-
and Al-bearing unknowns enables measuring trace level Br.
High beam currents and long measurement times are

necessary to overcome the low-count rate of the Br X-ray line.
Bromine mass fractions of two minerals and five experimen-
tal glasses, within a range of 250–4000 lg g-1, have been
measured by both EPMA and l-SXRF methods. A good

Wollastonite

Augite

Albite

Anorthite

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

y = -0.0389 + 0.0187x
r2 = 0.9995

(b)

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Beam: 5 μm, 200 nA 

(a)

Wollastonite

Augite

Albite

Anorthite

y = -0.0382 + 0.0181x
r2  = 0.9998

Beam: 10 μm, 100 nA 

0 10 20 30 40 0 10 20 30 40

XAl2O3 (% m/m)efXAl2O3 (% m/m)ef

C
A

l-
o

ve
rl

a
p
 (

%
 m
/m

)
B

r

C
A

l-
o

ve
rl

a
p
 (

%
 m
/m

)
B

r
Figure 6. The relationship between the apparent Br mass fraction (CBr

Al�overlap) and effective Al2O3 content (X ef
Al2O3).

(a) Results with a beam of 5 lm and 200 nA. (b) Results with a beam of 10 lm and 100 nA. The linear regression

line and equation are given in the figure. The error bars represent one standard deviation.

Table 3.
EPMA and l-SXRF analyses of Al- and Br-bearing
minerals and glasses

Sample Al2O3 Br (l-SXRF) Br (EPMA)

% m/m Mean s Mean s

Sodalite
(SOD-1)

33.1 234a 3 248 29

Scapolite
(ON70)

23.9 1877 12 2058 56

Exp. glass
#213

18.3 1035 10 1131 95

Exp. glass
#215

18.1 2346 23 2309 115

Exp. glass
#216

18.5 4012 40 3974 82

Exp. glass
#217

14.8 1957 20 2074 48

Exp. glass
#218

15.0 3285 33 3372 88

Br mass fraction in lg g-1. Experimental glasses were synthesised at 5 kbar,
at the University of Hannover, Germany (see text for details). For EPMA data,
sodalite and scapolite were measured with beam of 5 lm and 200 nA,
whereas the five experimental glasses were measured with beam of 10 lm
and 100 nA. For data analysed with l-SXRF, mean and standard deviation
were derived from 2600 spot analyses (scapolite ON70) or 120 spot
analyses (sodalite SOD-1 and experimental glasses) (see also Figure 2). For
data analysed with EPMA, mean and standard deviation were derived from
ten spot analyses.
a The sodalite (SOD-1) Br mass fraction from INAA analysis (Pan and Dong
2003) was used as a measurement standard for l-SXRF at Canadian Light
Source, University of Saskatchewan, Canada.
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agreement between the two methods demonstrates the
capability and potential of the presented EPMA method for
measuring trace level Br in minerals and glasses. Although
very low Br mass fractions (< 100 lg g-1) may not be
measured accurately by the EPMA method described in this
paper, we believe this method should be useful for
measuring trace level Br mass fractions (hundreds to
thousands of lg g-1) in some minerals and glasses formed
in Br-doped experiments. The natural marialitic scapolite
(ON70) from Mpwapwa (Tanzania) containing homoge-
neously distributed high mass fractions of Br
(2058 ± 56 lg g-1) and Cl (1.98 ± 0.03% m/m) is an
optimal reference material for future in situ analyses.
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