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A simple method of preparing glasses from rock powders
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Abstract

This note describes a simple and rapid method of preparing glasses suitable for el€ctron
microprobe analysis from powdered silicate rock specimens. Rock powder (100-200 mg less
than #200 mesh) is loaded into platinum crucibles fashioned from thin foil (l mil or less).
The powder is then melted in the graphite furnace of a flameless atomic absorption spectro-
photometer by heating at l7fi)oC for one minute. The Pt crucibles filled with glass are con-
veniently mounted with five or more on a single mount, for subsequent preparation and po-
lishing for analysis. The glasses are analyzed for major elements with an automated electron
microprobe. For samples up to at least 60 wt.7o SiO2, homogeneous glasses are obtained. Be-
cause of the short heating interval and very short heat-up and cool-down times, no loss of
alkalis or iron occurs. The method is rapid, inexpensive, relatively free from possibility of
contamination, and is particularly well-suited for small samples.

Introduction

Technical developments in electron probe micro-
analysis have made rapid multi-element analysis
readily available. This capability has been adapted to
perform major elements analyses of bulk rocks after
a suitable sample was prepared. Several methods of
preparing glasses have been described (e.g., Gulson
and Lovering, 1968; Rucklidge et al.,l97O; Nicholls,
1974; Brown,1977; and Jezek et al.,1979). Generally,
these procedures involve either a flux or direct fusion
in a graphite furnace or on a special strip heater. The
various advantages of a direct-fusion procedure have
been discussed by Brown (1977). Most of the pub-
lished techniques require fabrication of specialized
heating equipment.

We describe a simple direct-fusion technique
which we have found to be reliable and rapid over
the past two years. The procedup glilizes a standard
graphite furnace attachment used for atomic absorp-
tion analysis. Because this apparatus is widely used
and no other specialized equipment is required, this
simple and rapid method of rock analysis is available
tc many. Furthermore, the general procedure is read-
ily adapted to the analysis of very small samples.

rPresent Address: Department of Gcology and Mincralogy, Thc
Ohio State University, Columbus, Ohio 43210.

Fusion procedure

Small "boats" are forrred by cutting and folding
the ends of I cm x 1.25 cm x 0.03 mm (approxi-
mately 0.08 g) piecc of platinum foil. After thorough
cleaning (with acetone, hot nitric acid, and distilled
water), the h crucibles are filled with rock powder
ground to less than #200 mesh. Typically, 100 to 150
mg is loaded, but larger sample sizes can readily be
accommodated with tighter packing or larger Ft con-
tainers.

A graphite furnace (Perkin-Elner Model HGA-
2200) is used to heat the Pt boats. This furnace is
normally used as an attachment on a Perkin-Elner
Atomic Absorption Spectrophotometer Model 372 at
the University of Pennsylvania. The use of the fur-
nace for the purpose ofglass preparation has no dele-
terious effect on the spectrophotometer. A variety of
similar equipment offered by other manufacturers is
suitable. The graphite heating element for this appa-
ratus is a detachable, hollow cylindrical tube
(Perkin-Elmer Part #290-1766),2E mm in length
with an 8 mm outside diameter and 6 mm inside di-
ameter. The filled Pt boat is placed upright in thc
graphite tube which is then clamped into the mount
assembly. Graphite tubes previously used but no
longer suitable for AA are perfectly adequate.

The sample is heated to approximately l50oC for
0n0.3-0o4x/ 8r /09 l 0- I 086$02.00 l0E6



FOL/IND AND WAGNER: PREPARING GI,ISSES FROM ROCK POWDERS 1087

30 seconds to allow drying of adsorbed moisture and
then is heated to the fusion temperature of 1700'C
which is maintained for 60 seconds. The desired
1700'C temperature is reached within one or two
seconds. After the 60 second interval, the heater cur-
rent is turned off and the sample is quenched to less
than 200'C in a few seconds and to about 50oC in
about 30 seconds. One advantage of the Perkin-El-
mer heater is the rapid quench which occurs partly
because the steel connectors holding the graphite
tube are water cooled. Another is independent, pre-
set tirne and temperature selecti'on for up to three
heating steps. However, the temperature settings are
only nominal and we used an optical pyrometer for
initial calibration. A 2 mm diameter hole in the
graphite tubes, normally used to load solutions dur-
ing AA analysis, conveniently allows direct observa-
tion and monitoring of the heating cycle.

The glass filled ft containers can be loaded for
electron probe analysis without additional handling.
Our procedure is to mount five samples in a single
1.5 cm thick by 2.5 cm diameter Lucite disc with five
0.5 cm holes. The boat-shaped containers are simply
dropped into the disc and secured with epoxy. After
curing, one end is ground to expose the glasses and is
then polished. Ifdesired, the Pt can be recovered be-
fore mounting, with some inconvenience and added
possibility of contamination. However, the cost of the
Pt foil is minor (about $l per sample) and the Pt can
be used for checking beam current during micro-
probe analysis.

Optical examination of glasses prepared from
mafic to intermediate rocks, varing from 45 to 60
,*t.Vo SiO2, shows therr to be holohyaline and free of
any quench crystals. Probe analysis shows the glasses
to be unifonn. Optically clear glasses of basaltic
rocks can be produced in less than 30 seconds at
1700oC, but we have used a 60 second heating inter-
val to insure thorough mixing. Furthermore, longer
heating significantly reduces the number of bubbles.

Rocks high in hydrous or, particularly, carbonate
minerals can pose a minor inconvenience. Occasion-
ally, in such cases, heating directly to 1700'C causes
the melt to spurt out of the Pt container and some-
times even out of the graphite tube. This complica-
tion is easily avoided by multi-step heating to the fu-
sion temperature. Heating to about l000oC for 60
seconds before melting seems sufficient to eliminate
this problem.

Rocks of high SiO, content require longer heating
times owing to the high melt viscosity. We have not
extensively evaluated the heating requirements of
such samples. Cursory examination of glasses pre-

pared from granites indicates a percent or fewer crys-
tals after 60 seconds, and optically uniform glasses
after 150 seconds. We feel that an appropriate heat-
ing schedule for high silica rocks could be worked
out quite easily, as suggested by the work of Brown
(1977) and Jezek et al. (1979). It should be noted that
the maximum heating temperature with this proce-
dure is limited by the melting point of the sample
container. Other metals could be substituted for Pt in
order to increase the fusion temperature. Further-
more, the gas flow capability of the Perkin-Etmer
furnace permits the use of an inert gas atmosphere, if
necessary.

Microprobe analyses

For microprobe analysis, we use a defocused beam
of 20 pm diameter and a beam current of 0.03 trrA at
l5kV. We use combined wave length and energy dis-
persive data with an ARL Electron Probe Micro-
analyzer with a Princeton Gamma Tech detector and
Tracor Northern 880 automation at Lehigh Univer-
sity. For a typical analysis, we take the average of
four or more spot analyses.

Because the point of this communication is to de-
scribe the principal of the fusion method, we shall
not present details of the probe methods. Briefly, we
use mineral and glass standards and the Bence-Albee
method of data reduction.

The results obtained for two interlaboratory rock
standards, scn-l and BHvo-I, are given h Table I
along with the accepted values for comparison. The
results show favorable agreement and serve to dem-
onstrate that the fusion procedure is a good one at
least for rocks of basaltic composition. Its usefulness
for rocks of substantially different composition must
be verified.

Two potential problems, high temperature alkali
loss and loss of Fe to the Pt container, have been
checked closely. Neither of these pose analytical
problems. A series of fusions of Bnvo-l were made
and the glasses were checked for heterogeneities such
as low alkalis at the glass-air interface and low iron
adjacent to the Pt foil. With one exception, no heter-
ogeneities were found. A low FeO value was ob-
served immediately adjacent to the Pt in a sample
heated for three minutes (see Table l). However, we
are not certain if this effect is real, inasmuch as the
totals were low, or rather is due to an edge effect or a
spectrometer problem. The rapid heating and quench
times and the short heating interval minirnize iron
and alkali loss.

The occurrenc.e of bubbles could pose problems
during probe analysis. In our experience, basaltic
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Table l. Analytical results for BCR-I and BHVO-I

SAI,IPLE BCR- 1 BHVO-L

Nota t ion

/ l  o f  Spots

si02

AI2  03

Ti02

Mgo

FeO

ltnO

CaO

Na2O

Kzo

T o t a I s :

F 3 5  R e f .  *

> ) .  I  ) ) .  J 6

r 3 . 7  1 3 . 8 3

2 . 3 0  2 . 2 4

3 . 6 6  3 . s 2

Lz . I  T2 .3 I

0  . 2 2  0 .  1 8

7 . r 3  7  . O 3

3 . 2 6  3 . 3 2

1 . 6 9  r . 7 3

99.8  99 .5

F 3 4

5

5 0 . 8  s 0 .  I

1 3 . 9  1 4 . 0

2 . 7 2  2 . 6 6

I  . 4 )  I  . O L

10.  9  10 .  7

0 . 1 9  0 . 1 1

11. 4 LL.6

2 . 3 5  2 . 4 s

0 . 5 2  0 . 5 7

z 4

5 0 .  3  5 0 .  3

1 3 . 9  r 4 . 3

2 . 7 4  2 . 7 8

t . 4 6  t .  J >

1 0 . 8  1 0 . 7

o . 2 2  0 . 2 0

1 1 . 3  1 1 . 3

2 . 5 4  2 . 2 8

0 . 5 6  0 . 5 4

Q tbk,k

4 5 +

5 1 . 0  5 1 . 0  5 0 . 4

1 3 . 6  1 4 . 1  1 4 . r

2 . 7 r  2 . 6 4  2 . 7 3

7 . 2 0  6 . 7 6  6 . 9 3

1 0 . 5  1 0 . 7  9 . 9 6

o . L 7  0 , 2 5  0 . L 7

11 .6  l L . 4  11 .4

2 . 2 4  2 . s O  2 . 4 3

0 . 5 4  0 . 5 8  0 . 5 5

Average Ref .**

19

5 0 . 6 8  +  . 4 5  5 0 . 0 3

t3 .93  +  .28  13 .92

2 . 7 2  +  . t 0  2 . 6 7

7 , 2 7  +  . 3 4  7 . 3 7

L O . 7 2  +  . 3 7  1 0 . 7 7

0 . 2 0  +  . 0 6  0 . 1 6

l_1 .41 + . 17 IL,44

2 . 3 6  +  . r 9  2 . 2 I

0 . 5 4  +  . 0 3  0 . 5 5

9 9 , 9 9 9 , L

10

100  . 2  99  . 7  99  .  8  99  . 7  99  , 6  99  . 9  98 .7

I{eating interval was 60 seconds

* Flanagan
** Flanagan

*** Analyses

for  a l l  samples  except  fo r  R (120 sec)  and Q (180 sec) .

( 1 9 7 3 ) ,  r e c a l c u l a t e d  o n  H r O - f r e e  b a s i s .

(L976) ,  reca lcu la ted  on  Hro- f ree  bas is .

inrmediately adjacent to Pt capsule.

compositions yleld glasses with only a few large bub-
bles but as SiO, increases, the number of bubbles in-
creases and their size decreases. A slightly longer
heating does reduce the bubble population and is to
be recommended for higher silica rocks.

$nmmsry

The widespread availability of autonated electron
microprobe and graphite furnace AA instruments
combine to make rapid major element analyses of
bulk rocks available to many researchers without
specialized analytical facilities. Furthermore, this di-
rect-fusion technique is particularly useful to samples
of small size. Many permutations of the general pro-
cedure are possible. Only a few minutes per sample
are required to produce suitable probe materials. The
potential for contamination is limited and the costs
of expendable supplies 41s 11inimxl.
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