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Assrnecr

An X-ray fluorescence fusion technique involving l.:18 dilution-was used for

the determination of SIO,, ALO*, total Fe as FezO", MgO, CaO, K,O, TiOr, PrOu

and MnO in silicate rocks. Fusion of the sample with LiBO, followed by grinding

and pelletizing the fused bead prior to X-ray irradiation eliminates most of the

matrix problems associated with X-ray fluorescence analysis. values obtained by

this method compare favorably with the preferred chemical values for seYenteen
international silicate rock standards.

IxrnonucnoN

A fusion technique using the proportions 1:14:3 for sample:flux:
binder has been applied to X-ray fluorescence (XRF) analysis of
major and minor elements in silieate rocks to reduce matrix effects
and eliminate grain size and mineralogical effects. Despite the number
of papers that have been published on this subject, no published
technique has proven fully satisfactory in our applications. Welday
et al. (1964\ suggested that a moderate (1:2, sample to flux) dilution-
fusion technique be used to overcome matrix effects not overcome
by the direct pelletizing technique of Volborth (1963). Czamanske
et aI. (1966) found that the moderate dilution-fusion technique is not
applicable with good accuracy for many of the elements determined
in silicate rocks by XRF.

The technique of Norrish and Chappell (1967) or Norrish and
Hutton (1969) requires special expertise on the part of the individual
preparing samples (Ingamells, 1970) and is more time consuming
than the technique reported here. Also, the presence of lanthanum
in all samples interfers in the determination of magnesium, especially
when the samples contain low concentrations of ma.gnesium. The
lanthanum heavy absorber technique of Rose et aI. (1963) requires
the preparation of standards each time a new lot of samples are to
be analysed in order to duplicate conditions of sample preparation,

'Publication authorized by the Director, U.S. Geological Survey
t Paper presentbd at the lfth Annual Rocky Mountain Spectroscopy Con-

ference, August 3-4, 1970, Denver, Colorado.
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238 BRENT P. FABBI

owing in part to hygroscopic nature of lanthanum oxide, which can
absorb 14 percent of its weight in HzO.

A dilution ratio of l:14:3 (Sample to flux to binder) was selected
over these and other preparation techniques described in the literature
to determine SiO2, Al2Os, total Fe as Fe2O3, MgO, CaO, KsO, TiO2,
P2O6, and MnO in seventeen international silicate rock standards. The
XRF values are in good agreement with preferred chemical values
reported in the literature. Mathematical corrections for the matrix
effects of absorption and enhancement are not necessary; the pellets
are durable; and the LiBO2, being more alkaline than LizMnOT, is
better suited as a fluxing agent to dissolve the refractory rock-forming
minerals (Ingamells, 1970).

ExpnntnrpNtel
Apparatus

A multichannel polychromator (Applied Research Laboratories, VXQ) having
an external standard monitor channel and rhodium target tube was used in deter-
mining SiOr, Al,O', total Fe as FenO", MgO, CaO, K,O, TiOr, and P,Os simul-
taneously. The configuration of crystals and detectors in the spectograph has been
discussed by Rose et aI. (1963). During irridation of the sample, pluses from the
detector charge a capacitor (integrator) for each channel. Charging of all capaci-
tors stops when the external standard reaches a pre-set fixed charge. fntegrated
intensity ratios of all elements to the external standard are then recorded.

MnO was determined on a single channel speciograph (General Electric,
XRD4) using the tungsten side of a dual target Cr-W tube. Operating condi-
tions for both spectographs are given in Table 1.

Standards and Samples
Many international rock standards were investigated in the course of this

work: U.S., Geologieal Survey standards-granite G-1, diabase 
'W-1, 

andesite
AGV-I, granite G-2, basalt BCR-I, granodiorite GSP-I, peridotite PCC-I, and
d,unite DTS-I ; Canadian Association of Applied Spectroscopy standard-syenite
S-1; Centre de Recherche Petrographique et Geochimiques standards-basalt BR,
granite GA, granite GR, granite GH, diorite DR-N, and serpentine UB-N;
Leningrad State University standard-nepheline syenite USSR; and Geological
Survey of Tanzania-tonalite T-1.

Proced"we

The sa,mple to flux (LiBO,) to binder (chromatographic cellulose, Whatman
CF-11) ratio was 1:14:3. LiBOsr was dried in batches at 650'C for 30 minutes in
a t to t-full platinum evaporating dish covered with a radial ribbed watch glass.
Dried LiBO, was sieved through a l6-mesh screen and the several dried batches
homogenized. 0.1000 grarn of sample and 1.4000 gram of dried and screened LiBO,
were placed in a 30 ml porcelain crucible, mixed with a spatula, and carefully
transferred to a pre-ignited (950"C for 20 minutes) crucible.'

I LiBO,, Southwestem Analytical Chemicals, Austin, Texas.
'Graphite crucibles, Ultra Carbon Co, A2726, gra.de UF4S, full radius inside

bottom.
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The mixture was fused in a furnace for 15 minutes at 900"C- Fused beads

were cooled and. weighed. 0.3 gram of chromatographic cellulose, plus the equiva-
Ient weight loss of H,O, CO,, etc., rvas added to bring the weight of the bead

and cellulose to 1.8000 grams. Beads were crushed in a hardened tool steel mortar,
transferred with grinding ball and cellulose into a grinding vial (polystyrene with
tungsten carbide ball and end caps) and ground in a mixer-mill (Spex) for 10

minutes. The ground powder was further ground and mixed by hand in a boron

carbide mortar to ensure complete comminution and homogeneity. Pellets are
produced at 30,000 psi (Fabbi, 1970).

SiOr, ALO", Fe,O", CaO, MgO, K,O, TiOr, and PeOr were detemined simul-
taneously using the multichannel polychromator. Pellets were irradiated for 2O0

seconds, and charges on the capacitors read sequentially in digitized form as in-

tegrated intensity ratios of the element, lines to the external standard. This
procedure was repeated twice for each sample to improve precision of the analysis.
Standard BR (preferred because of its spread of all elements) was analysed after

every four sarnples to determine whether drift occurred in any of the cha,irnels.

When drift was detected, a correction was appiled. MnO was determined on the

single channel spectrograph by counting for 10,000 counts at a 20 setting oI 62.97".
An intensity ratio was calculated for ea,ch sample (Bertin, 1970). Calibration
curves (intensity ratio us. concentration) for each oxide of the nine elements

Tab1e L Instrunental operating Condltions
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were plotted and a least squares regression was fit to the data. Correct PrOu for
second-order CaKp, and Kpu spectral inter{erence in the manner reported in an
earlier paper (Fabbi, 1971).

Rpsur,m AND DrscussroN

Factors in Sample Preparation

Powders were ground to 20 p. because it is essential in XRF analysis
of light elements to reduce grain size of ground powders to below 400
mesh (36 p) so as to minimize particle size effects (Bertin, 1970).
Cleanliness of the glass lenses used to produce smooth mirrolike pellet
surfaces in order to avoid contamination cannot be overemphasized.
The procedure for cleaning is reported in an earlier paper (Fabbi,
1970).

The addition of chromatographic cellulose to the sample in the
grinding process aids in cleaning the vials and acts as a binder to
extend pellet life. Pellets prepared as outlined above with chromato-
graphic cellulose (Whatman, CF-11) binder and methyl cellulose
(Matheson, MX850) backing are homogeneous, reusable, durable, will
not break when dropped, are not easily contaminated by handling,
and have smooth plane surfaces and fine grain size. The preparation
can be done by semi-skilled personnel.

Boric acid is unsatisfactory as a binder or backing material, for
laboratory tests show that combined water in the boric acid is given
off under vacuum in the spectrograph, and the intensity of silica, for
example, increases by 10-15 percent in 8 hours. Furthermore, pellets
made with boric acid as a binder or backing material become inhomo-
geneous, unreliable, and disintegrate over a period of time. A thorough
discussion of the desirability of using LiBOz as a fluxing agent for
XRF analysis is given by Ingamells (1970). Because finely ground
LiBO2, as any finely divided substance, can take up water, pellets
should be stored in a desiccator cabinet prior to analysis, and if they
are to be used as standards or kept for reference work.

Norrish and Chappell (1967) noted that in reducing matrix effects
high dilution of samples achieves results similar to heavy absorber
addition. With respect to sensitivity, laboratory tests indiacte that P,
Ti, K, and Ca have the same intensity using the high dilution method
as obtained using lanthanum heavy absorber method of Rose ef al.
(1963). The intensity of Fe is 2.5 times greater and that of Mn 6
times using the high dilution method. But the intensity of Si is 1.15
and that of Al 1.25 times greater using the heavy absorber method.
The intensity of Mg is 1.4 times greater using a heary absorber than
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it is using LiBoz at the high dilution, but the signal is interferred

with by La.

Acatracy o! the Method

There is very good agreement between XRF values and preferred

values for the oxides of all elements in the standard rocks, as indicated

in Table 2. Alzog values obtained by XRF for the mafic rocks Pcc-l

and DTS-I do not agree with the preferred values. However, they do

and DTS-I are somewhat high.
Values for SiOz and total Fe as FezOa for the mafic rocks PCC-I'

DTS-I and UB-N showed the most deviation from preferred values.

An infinite dilution technique using f've standard rocks, AGV-I,

W-1, BR, DR-N, and S-1, for calibration purposes was employed at

dilution ratios of 1:1, 1:9, 1:18, and 1:36 with replicate preparations

to determine sioz and Fezos in the three mafic rocks. Results of the

infinite dilution technique are given in Table 2. The sioz values are

in agreement with the preferred values and are higher than values

obtained using the 1:18 technique. Iron values obtained using the

infinite dilution technique are slightly higher than the preferred

values, but lower than values obtained using the 1:18 dilution tech-

nique. It is apparent that the 1:18 dilution technique does not com-

pletely overcome matrix effects in the determination of s oz and

FezOa. It is recommended that SiOz and FezOb in mafic rocks be

determined using similar rock standards such as PCC-I, DTS-I, and

uB-N for calibration. All other oxides of the elements reported in

this work may be determined using silicate rock standards other than

mafics.
Some workers (Leake et aI., 1969\ recommended a calibration

technique reliant solely on statistical reasoning and chemical analyses

from one laboratory. The approach used here has been to calibrate

with well known standards and use the relative deviation from the

calibration curve established by the standards to define the accuracy

of the technique. This approach gives more insight and reliability to

expected accuracy for a wide variety of rock samples.
The XRF determinations were obtained on triplicate pellets of eaeh

rock standard. Errors due to peliet inhomogeneity or sampling at the
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l ab le  2 .  Conpar l6on o f  XRF and p te fe r red  va lues  fo r  na jo r  and
mlnot  e leDents  in  pe tceat  as  ox ide6,

Total  Fe

Source Si02 AI203 Fe203 UgO Kzo T102 PzOs

c r m i r e  u s c s a  7 2 , 6 4  r 4 . o 4  L . g 4  0 . 3 8
c - l  x R F  7 2 , 8 5  1 4 . 3 5  1 . 8 8  0 . 3 7

D i a b a 6 e  u s c s a  5 2 . 6 4  1 4 . 6 5  1 1 . 0 9  6 . 6 2
w - I  x R F  5 2 . 9 0  1 4 . 9 1  1 r . 0 9  6 . 6 1

A n d e s l r e  u s c s b  5 9 . 0 0  1 7 . 0 1  6 . 8 0  t . 4 g
A G V - r  x R F  5 9 , 0 5  1 7 . 0 6  6 , 9 8  r . 5 7

c r a n l r e  u s c s b  6 9 . 1 9  1 5 . 3 5  2 , 7 7  0 . 7 8
c - 2  x R F  6 9 . 3 6  L 4 . 9 5  2 , 7 6  0 . 8 1

B a s a t t  u s c s b  5 4 . 4 9  1 3 . 6 6  1 3 . 5 1  3 . 2 8
3 C R - 1  x R F  5 4 . 5 5  1 3 . 3 2  1 3 , 5 0  3 . 4 8

c r a n o d i o r i r e  U s c s b  6 7 . 2 a  1 5 . I z  4 . 3 3  O . 9 6
c s P - l  x x F  6 7 . 4 4  1 5 . 0 2  4 . 3 7  0 . 9 8

P e r i i t o t i l e  u s c s b  4 L . 8 7 _  0 . 8 6  8 . 5 4 .  4 3 . 5 6
P C C - r  x R F  4 r . 5 5 . .  0 . 5 8  8 . 5 6 n  4 3 , 1 5

D u n i E e  u s c s b  4 0 , 4 6 .  0 . 5 5  8 . 8 5 ,  4 9 . 8 I
D T S - I  x R F  4 0 . 3 5 . '  0 . 1 6  9 . 1 3 n  5 0 . 0 3

s y e a l t e  s s c c  5 9 . 5  9 . 6  8 . 3  4 . 2
s - l  x R F  5 9 , 6 6  9  . r 4  8 . 2 9  4 . 2 2

B a s a l r  F r " o " " d  3 8 . 2 0  L 0 . 2 O  I 2 . g 3  1 3 . 2 8
BR xx.F 38.89 t-O.2a I2,7L 1,3.29

c r a n i t e  F . " r c . d  6 5 . 9 0  1 4 . 1 5  4 , o 5  2 . 4 0
G R  x R F  6 6 . 0 5  1 4 . 5 3  4 , 0 6  2 . 4 2

c r a n i c e  F l a n c e d  5 9 , 9 0  1 4 , 5 0  2 , 8 6  0 . 9 5
G A  x R F  5 9 . 5 1  1 4 . 6 9  2 . 7 4  0 . 9 5

cranire Fr"r ."d 75.80 : I2.5o 1.33 o.03
G H  x R F  7 5 . 6 0  L 2 , 8 7  1 , 3 5  0 , 0 7

D i o r l t e  F r a c e e  5 2 . 6 5  1 1 . 4 2  9 . 9 1  4 . 5 0
D R - N  x R F  5 2 , L 9  1 7 , 5 1  g . g 2  4 , 4 6

S e r p e n t t n e  F r m c e €  3 9 . 4 0 "  2 . g g  g . 5 2 .  3 5 . 0 0
u B - N  x R F  3 9 , 2 0 . .  2 , 7 9  8 , 6 1 n  3 5 , 4 4

s y e n l c e  u s s R f  f i . 2 2  2 L . 2 6  4 . 3 5  0 . 6 5
u s s R  x R F  5 2 . 7 A  2 1 . 0 8  4 . L 2  0 . 6 6

TonaLire DESS 62.65 16.52 6.03 1.89
I - r  x x . F  6 2 . 8 0  1 6 , 3 0  6 . L 2  7 . 6 7

5 . 4 8  0 . 2 6  0 , 0 9  0 , 0 3
5 . 4 6  0 . 2 5  0 . 0 9  0 . 0 2 5

0 . 6 4  1 . 0 7  0 . 1 4  0 . 1 7
0 . 6 1  I . 0 5  0 . 1 4  0 . t 6 7

2 , 9 0  1 . 0 8  0 . 4 9  0 . 0 9 8
2 . 9 3  r . 0 8  0 . 4 9  0 . 0 9 4

4 . s L  0 . 5 3  0 . 1 4  0 . 0 3 7
4 . 3 8  0 . 5 0  0 . 1 2  0 . 0 3 4

1 . 6 8  2 . 2 3  0 . 3 6  0 . 1 7 6
I . 7 0  2 , 2 5  0 . 3 6  0 , 1 8 5

5 . 4 9  0 . 7 0  0 . 2 9  0 . 0 4 4
5 . 4 6  0 , 6 7  0 . 2 9  0 . 0 4 0

0.02  0 .o2  0 .0 I  0 . t22
0 . 0 0  0 . 0 2  0 . 0 3  0 , 1 3 5

0.02  0 .02  0 .01  0 .L26
0 . 0 0  0 . 0 2  0 . 0 2  0 . 1 4 5

2 . 5 7  0 . 4 9  0 . 2 2  0 , 4 0
2 . 6 L  0 . 4 8  0 . 2 3  0 , 3 9 0

1 . 4 0  2 . 6 2  1 . 0 4  0 . 2 1
r . 4 1  2 . 6 2  1 . 1 1  0 . 1 9 0

4 . 5 0  0 . 6 5  0 . 2 8  0 . 0 5
4 , 5 2  0 . 6 5  0 . 2 7  0 . 0 5 3

4 . 0 3  0 . 3 8  0 , 7 2  0 . 0 9
4 . ) - 2  0 , 3 5  0 . 1 6  0 . 0 8 4

4 . 7 8  0 . 0 9  0 . 0 1  0 . 0 5
4 . 9 2  0 . 0 8  0 . 0 3  0 . 0 4 6

1 , 7 0  r . 1 1  0 . 2 7  0 . 2 L
1.78  ] .  I I  0 ,30  0 ,276

0 . 0 2  0 . L 2  0 . 0 3  0 . 1 2
0 . 0 2  0 . 1 2  0 . 0 7  0 . 1 4 0

6 . 5 2  1 . 0 s  0 , 2 9  0 . 1 8
6 . 5 0  r . 0 5  0 . 2 7  0 . 1 8 2

1 . 2 3  0 . 5 9  0 . 1 4  0 . 1 1
1 . 2 0  0 . 5 8  0 . 1 7  0 . r 0 1

1 . 3 9

1 0 . 9 6
1 0 . 9 4

4 , 9 8
5 . 0 1

1 . 9 9
t . 9 7

6 . 9 8

2  . 0 3
2 . O L

0 . 5 3

0 . 1 6
0 . 1 6

to .2
1 0 , 0 4

t3 .7  4
1 3 . 8 4

2 . 5 0
2 . 3 5

0 . 6 5
0 . 5 4

7 . 0 8
7  . O 5

I . L 2
I . L 2

r . 8 0
7 . 6 5

5 , 1 9

f u .  F l e t s c h e r ,  c e o c h l m .  C o 6 n o c h l n .  A c r a , 3 3 , 6 5 - 7 9  ( 1 9 6 9 )
oF. 

J.  Fl- .g*,  ceochi! .  Cosbochin. Acra 3:r  8f-120 (1969)

fo.,Y,_11"",  !J,  O, Taylor,  C. R. webber i ld C, R. Levl6r ceochio. Codnochln. Acr6 33,121-13I(r969)
du. 

Roubault ,  H. de la Roche ad K. covlndaraJu, Scl .  Ielre 13, 379-404 (196g)

"H. d" l "  Roche ed K. covtndalaju, Report  by the Nat l .  A6soc. of Tech. Re6earchr Frace (1959)
-A. 

A. Klkharenko and others, Vses, Mlneralog, Obshch€sr. ZapJ:ek1-. !!r 133 (1968)
8Geol.  Suru. Tdzala, Dar es Salaa, Msusule Tonal l re Supp.,  No. I  (1963)
\Rt detemlnacion by tnf i t r i re di lut lon
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100 mg level are minimized, but are additive to any other combined
XRF technique errors, i.e., instrumental, counting, pellet placement,
pellet surface, particle size, etc. Table 3 illustrates the lowering of
ayerage relative error when one, two, or three replicate pellets are
analysed. It appears that neither accuracy nor precision is greatly

increased if three rather than two replicates of any given sample are
analysed. Indeed, for some oxides the error increases with three
replicates. Three factors can account for such increases: (1) sample
preparation errors, (2) instrumental precision as illustrated by SiOz
and Al2O3, and (3) disagreement with average preferred values, but
agreement with gravimetric values in the literature, for example, CaO
and Al2O3 in samples nepheline syenite USSR and syenite S-1. The
XRF value of 1.65 percent CaO does agree with the gravimetric
value of 1.67 percent CaO reported by Ingamells (Kukharcnko et al',
1968) for sample USSR. The XRF values of 10'04 percent CaO and
9.14 percent AlzOs do agree with the gravimetric values, 10.09 per-

cent CaO and 9.01 percent AleOa for S-1, reported by Ingamells and
Suhr (1963).

Alterno,tiue Methods of Sample Preparation

The high dilution-fusion method of XRF analysis suggested in this
work overcomes most matrix effects at the 100 mg sampling level.

Splits of all samples were taken on an "as received" basis. Conse-
quently, splitting or sampling errors would be greater for samples
having coarser grain fractions.

It may be possible to further improve the accuracy of the proposed
fusion method by: grinding samples to minus 200 mesh to insure
homogeneity before splitting out 100 mg for analysis; taking larger

T a b l e  3 .  A v e l a g e  l e l a E i v e  e ! r o !  i n  p e r c e n t  f o !  r e p l i c a t e

I  le l le t 2  ?e l le ts
Concent!ation

3 Pellets bnAe

si02

N zo3

Io ta l  fe
as Fe203

ugo

Ca0

Kzo

Tt02

r^0-

Mn0

0 . 8 8

2 , 5 5

2 . 3 3

4 . 5 9

2 . 8 0

3 . 6 0

2 . 0 2

6 . 7 0

7 . 1 6

0 . 3  5

7 , 2 7

2 .  0 1

2 . 5 0

2 , 7  2

7  . 7 7

1 . 5 3

2 . 2 2

L . 7  4

2 , 2 4

7 . 9 2

7 , 1 3

0 . 3 8  3 5  -  7 7

r . 3 9  2 . O  -  2 L

1 . 3  -  1 4

0 , 6 5  -  5 0

0 . 1 5  -  1 4

0 . o 2  -  7

o . 0 2  -  2 . 6

0 , 1 0  -  1

0 . 0 3  -  0 . 4 0
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splits of the sample without grinding and increasing the amount of
flux and binder proportionally; or a combination of both grinding and
taking larger splits.

Time Required tor Analysis

The maximum number of samples that can be handled by the
instruments is 10 samples (20 pellets) daily. Thirty samples could
be analysed per week for nine elements by three persons; this would
include all facets of the analysis, f.e., sample preparation, instru-
mental analysis, computations, and filing of reports. This is a more
realistic estimate of total analytical time expenditure than that of
authors who report many samples prepared for analysis per day but
neglect time required for mixing samples, cleaning crucibles, computa-
tions, report filing, etc. The XRF technique as currently employed
with two people performing the analysis (15 samples per week) is
4 to 7 times faster than conventional gravimetric methods. Should the
relative error of one pellet preparation give sufficient accuracy for a
particular geologic problem, productivity would be doubled.

CoNcr,usroNs
The 1 :18 dilution fusion technique using LiBOz &s & fluxing agent

has reduced or eliminated matrix effects and eliminated mineralogical
and grain-size effects. Many samples can be analysed rapidly and
routinely. The analyst is not limited by the requirement that standards
match closely the composition of samples in the XRF determination.
IMith the exception of phosphorus, mathematical corrections for matrix
effects are unnecessary. It is possible to determine Mg accurately in
low concentrations. Silicate rocks varying widely in composition can
be accurately analysed for SiO2, Al2O3, total Fe as Fe2O3, MgO, CaO,
K2O, TiO2, P2O6, and MnO much faster than by conventional gravi-
metric methods.
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