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QUANTITATIVE X.RAY DIFFRACTION ANALYSIS 
OF ALKALI FELDSPARS 

RIASSUNTQ. - 10 stato messo a pumo un metodo, in diflrattometria di polveri a caggi X, 
per la deterrninazione quantitaliva dei feldspati alealioi contenuti in un. med. 0 in una miscela 
artificiale di polveri aistalline. 11 metodo permette un'analisi mineralogiClll di tipo quantitativo 
solo quando il feldspato alCllllino ~ preventivamente scaldato a 1000- C per 4 ore e quindi rapi. 
damente raflredda[O in aria. I dati Pf"C5C:ntati mostrano, per i fddspati sodici, che le intensit' 
del rilles.so 201 variano in fum:ione del lora contenuto in Or. In contrasto, nel range di eompo
swone Or.,...Or .. , le intensit' dei feldspati potassici non sono correlate aI loro contenuto in Or 
ed inoltre sono indipendenti dallo stalQ struuurale. 

La deviazione standard, in un 'analisi quantitativa dei Ieldspati sodici e potassici, ~ risultata 
tispeuivamente del '"" 7 % e del '" 12 %. 

AasTRACT. - A X.ray method has been developed fOf the quantitative determination 
of the perttntage of alkali feldspaI1 in a crystalline mixture or in a rock. "The method en.IIbles 
quantitative diffraction analysis to be made when the alkali feldspar are previously heated. 
'The data pf"C5C:nted for Na.feldspar, show that the intensity of the 201 reflection varies markedly 
as a function of solid·solution. In contrast , the intensity of the K.fddspar, in the composition 
range Or ... -Or .. , are not correbted to the Or composition and are pr.aically independent of 
the structural state. 

1he estimated standard deviation in a quantitative Inalysis of N •• feldspar and K.feldspar 
is IppfOKimately 7 % ancl 12 % respectively. 

Introduetion 

The: problem of a quantitative: mineralogical analysis of alkali feldspars, by 
the: X-ray powde:r diffraction method, is very important both fo r a pctrological 
classification of the rock and for its applie:d featu res. 

The quantitative diffraction analysis, restricted to alkali feldspa rs with a 
composition and structural state: of an orthoclase, has been studied in the: past by 
BARKER [ et al. (1963). 

We have the: refore considere:d it useful to investigate and extend the: study of 
some aspt."Ct of that analysis. It is certai n that factors such as isomorphous substitution 
and structural state, limit the accuracy of a q uantitative X-ray analysis. 

In this paper, these: factors are examine:d in de:tail so as to reveal the difficulties 
involved in the q uantitative determination of the alkali feldspar with powder 
X-ray di ffractometry. 

Accuracy limits fo r this type: of analysis are prese:nte:d . 
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Methode of study 

Samples analyzed 

Twelve alkali feldspar specimens were selected for the investigation. They 
include onc albite (Ab), five anorthodases (AI, A2, A3, A4, AS)' onc maximum 
microcline (MM), three orthoclases (Or 1, Or 2, Or 3) and two sanidines: a high 
sanidine (HS) and a low sanidine (LS); the Or 1 sample is an international standard 
(Pennsylvania State University. Orthoclasc, Or 1). 

T he £e1dspars used were separated by conventional techniques in the case of 
the specimens AI, A2, A3, A4, AS, Or 2, Or 3, LS' HS, while the samples Ab 
and MM were large (to 2 cm) crystals. Their purities were established by a powder 
X-ray examination and chemical analysis (see later). The nomenclature of the alkali 
£eldspars suggested by WRIGHT and STEWART (1968) is used throughout this paper. 

Sampl~ pr~paration 

A quantity of crystal fragments of the feldspa r minerals to be analyzed was 
placed in the agate mortar and ground by hand with an agate pestle until final traces 
of grittiness had disappeared. Tre granulometry of the powders obtained by grinding, 
was in accordance with that suggested by KLUG and ALEXANDER (the powders 
used passed through a 32S·mesh screen). 

Cell param~tert and ttructtJral tlate of th ~ tamplet 
Lattice parameters were computed by a least square refinement of X-ray powder 

records following the procedure suggested by WRIGHT and STEWART (1968) (Computer 
program with a «Variable-indexing :.). 

The spectra were calibrated against an external standard of quartz. Cell 
parameters are listed in table 1. Information on the structural state of the feldspa r 
specimens can be drawn from the lattice parameters (b-c plot of WRiGHT and 
STEWART (1968), whose terminology has been adopted here, or by the method of 
lONES (1966) using the ratio c'" / b· as a direct measure of the degree of order, 
see table 1). 

T he latter procedures indicate of high temperature structural state fo r all the 
anonhoclases and a sanidine, a low temperature structural state for the sample of 
albite and a structural state intermediate between high sanidine and maximum 
microcline fo r all the other samples. The b-c plot was also employed to recognizt: 
anomalus cell dimensions in same alkali feldspars (samples MM, LS, Or I, Or 3). 

Chemical composition 
The analysis of all the samples are presented in table 2 in order of increasing 

potassium content together with the percentage of Or, Ab, An weight. Chemical 
analyses were performed using X-ray fluorescence following the analytical procedure 
developed by FRAN"ZINI et al. (1975) for Si02' Ab03, Fe~cn, CaD, KzO and using 
atomic absorption for Na20. 
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X-ray intensity measurements 
Before performing the diffraction intensity measurements we examined the 

more intense reRections of the alkali feldspars, in order to choose the most useful 
reRection for a quantitative X-ray diffraction analysis_ T his research has revealed 
that the only intense reAection common to potash-soda fddspars, suitable for a 
quantitative X-ray diffraction analysis, is the 20 1 reRection. 

TABLE 1 

Unit all dimension~, degree of AI/Si order (lONES, 19(6) and X-ray intensity 
measurements of the 201 reflection for alkali feldspars 

S""PU .I~) b(A) cl:) G (0 .) . 10 ') ' 1
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" VIA') 0"' • .-
AIISIS l'o, ToJ(~ " o,C •• " 

" $ ."' (6) " . 781(7) 7 . 14a(3) •• 17(3) ... 39(3) e7 4'()) U I. '($) U .O Hg,)' 49.r " .. 8" 

" a . .,'(2) 12 . n1( , ) 1.130(1) .. 43(1) ... 14(1) .. 14(1 ) 678 . • (2) . .. 20'" 3n, 010 • 

" $ . zn! i ) l2.941(U 7.131' (11 .. .tll) ... U!» .. IS!> ) "~ . 1l11 ,., 
' ... 8 3 ... .." 

" 8 . 2.'(1) 12. 937(2) 7.143(11 .. .'0 ) ... ,to) .. ,,!1 ) 6$4 . 4(,) ••• :,.a 300. .." 
•• $ .~U (2) 12.9'3(1) 1O'(1l .. • '" . .. '.(1) .. no) on . HI) ,., IOU no. . ... 
" 8 .n6(1) 12 . • "(1) 1. I UIl) .. ... 17(1) .. "' . • Ill ••• 2133 .... 670, 

"' • . !I0 (2) 13 . on(2) ' .IUO) .. 11 . '.(1) .. 714 . 0(1) '.' .03. ,000 " .. 
~ ..... (.) u . tU(8) '. 198( 4 1 00 "(3) 11 . ,.(3) " 01(4) '10 . • (1) aO . o .15. ,IS. '351 ... . . ... (8 ) If . gSUO) 7. 1 •• (3) .. " ' .. ( ,) .. 716 . 1 (') n . , •• >9 .060 .. n 
L . S . . , "6(S) n"UIS) '.173(2) .. li S s.( ~) .. n6 . 6(4) " .3 2\60 3020 'OSO ... 8 . $1813) 1 •• .,4(3) ' . 'OH~) .. ... • '" .. no . >! , ) .. .. 217. .07. 67S0 

••• $.$741)1 12.IU(3) , . ~OO( I) .. " s " (1) .. no .sl , ) n .3 .an U4~ 6800 

• Parenthe~ized figures represent 'ho estimated $t:andard deviation (eS<!) ,. t""ms . f least units cited 
f~ ,ho value ,. their immediate ltfL 
Diffracted intcnsities from natural ,pttimcDS. .. Diffra'ted intensities ".m hc:ued $pttimCDS. 

The position of the 201 spacing is also proportional to the composition fo r 
homogeneous alkali fddspars (TuTILE and BowEN, 1958). Therefore the use of 
the 201 reflection permits the evaluation of the eventual variation of diffracted 
intensity for different composition of the alkali feldspars, although other factors 
such as symmetry change and structural state can influence the 201 intensity. 
In the composition range OrI00-0r10, the disadvantage of using the 201 reRection 
for a quantitative analysis is a result of its interference with the 100 reRection of 
the quartz, which is often present with the alkali feldspars in rocks. The intensity 
of the 201 reRection, however, can be correct<;d fo r this interference by measuring 
on a sample of pure quartz the intensity ratio of the 100 reRection to another 
intense enough reflection of the quartz, free of interference from peaks of the 
K-feldspar. For example, the use of the 102 reRection is suitable for this correction. 
For those reasons, the intensity measurements were carried out only on the 201 
reRection. The measurements were obtained by integrating the peak-area and by 
rotation of the sample holder in order to obtain a better approximation to an ideal 
powder. X-ray diffraction measurements were determined on all the speci mens both 
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in their natural state and after heating to 1000" C for about 4 hours. The specimens 
after the period of heating were rapidly cooled in air. 

This procedure is necessary in order to assure a complete homogenization of 
all the unmixed feldspars, because many of the specimens studied showed 
considerable variation in the structural state and in the chemical composition. Mind 
that the experimental conditions for a complete homogenization differ from feldspar 
to feldspar as a consequence of the structural state, unmixing grade, and perthitic 
intcrgrowth dimensions of the alkali feldspar (SPENCER, 1937). After this heat
-treatment' the powder diffraction spectra showed the presence of only one phase. 
For macropenhite and microperthite fddspars we suggest that the specimens be 

TABLE. 2 
Ch~mistry of the alkali feldspars and wnght perunt of the feldspars compon~nts 

computed usmg the chemical composition 

SA,M"L~ Sl02 

" 67 . 83 

" 65 . 2$ 

" 67.11 

" 66.92 

" 67.0~ 

" 66 . 3' 

L . S. 65.49 

H. S . .. " ,., 6' . 38 ,., 5S . 72 

'" 65 . 3 4 

, .. H . 9' 

"120 3 

Ii.U 

~0 . 92 

19 . 15 

" . .. .. " .. .. .. ,. 
19 . 08 

1 8 . '6 

18. 40 

18.50 

18.74 

0.53 

0 . 5 7 

0.66 

0 . 9& 

0.93 

0.03 

'" 
0 . 5& 

2.09 

0 . 44 

0 .4 1 

0 . 09 

0.12 

0.34 

0.59 

0.36 

0.40 

0.0& 

... D~t.".m;n3tion . perf~romM by the atomic absorption. 

Mo.
2

0 · ',' " .. AA 

1I . 4 8 0.22 1. 30 97.12 2.88 

9.08 2 . 10 12 . 40 76 . &0 10.40 

$.5 4 4 . U 24. 80 72.30 2.20 

S . 44 4 .43 26 . 20 11.40 ' .00 
$.03 5 .29 31.30 G7 . g0 0.40 

7.07 6 . 53 3$.60 59 .80 0.60 

2 . 53 12.90 75.20 2 1.40 1.80 

2.07 13 .49 79 .73 " " 2.93 

1.98 13.72 S I. 10 16 . 80 1.80 

1. 72 13 . 76 81 . 30 14. 60 '.00 
2 . 03 14 . 05 83.04 17.17 0 .40 

1. 15 15.05 88 . 90 9.70 

ground after homogenization to avoid a considerable broadening of the diffraction 
peaks due to the formation of a heterogeneous population of grains during the 
grinding (GlUsTI and LWNI, 1973). 

The Philips X-ray diffractometer duri ng the measurements was operated at 
40 K V and 16 mA. using Mn-filtered iron radiation, 10 divergence and scatter slits. 
0,2 mm receiving slit. scanning spread 1/20 2 e per minute and a time constant of 
4 seconds. T he diffraction intensities are listed in table 1. 

For the heated specimens. the intensity measurements were also collected using 
Ni-filtered eu radiation 38 K V, 18 mA and with the same strumental conditions 
as used for the iron radiation. These intensity measurements are also reported in 
table 1. The intensity measurements were corrected for background and calibrated 
against the external standard of Or 1 (peak-area intensity of 6886 counts). To check 
the reproducibility of the slides, the intensities of some feldspar specimens were 
measured several times, repacking the powder each time. 
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The standard deviation of the 201 intensity for replicate slides was about 55 %. 
On the other hand, some sets of measurements repeated on the same slide showed 
that ,h, statistical counting error is the only instrumental error. This error " 
of ± 2%. 
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Fig. 2. - Measured ~l intcnsities plOlted 
agailW (A n + Ab) content for alkali healed 
fcldsp>.lI. 

Discussion 

T he Intensltles of the '2'01 refl ection, listed in table 1 enable us to make some 
interesti ng observations. We observe a considerable increase of the intensities 
obtained, by means of the FeK.. radiation, from heated specimens as compared 
with those obtained from natural specimens. The percentage increase of intensity 
is not constant and ranges from 20-30 % fo r the sa mples Or 2, Or 3 to ~ 90 % 
for the sample AI. 

This variation of intensity can not be rdated to the presence of unmixing in 
the natural alkali fddspars, because originally homogeneous alkali fddspars (Ab, 
A I, A2, A3. A4, A5, H S) also show a noticeable increase in the intensities after 
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the: heat-treatment. A complete interpretation of this behaviour is very difficult but 
it may be reasonable to suppose that a fair recrystallizalion consequent to heat 
treatment can, at least in part, be responsible for that. On the basis of the fore
going discussion, it appears necessary to carry out a heat-treatment of the specimen, 
for a q uantitative X-ray diffraction analysis of the alkali feldspars, also in the case 
of originally homogeneous alkali feldspars. 

In figu re 1 the intensity measurements obtai ned on healed specimens, by means 
of CuK. radiation and corrected by the absorption factor arC': plotted agai nst Or 
content of the alkali feldspar specimens. T he set of intensity values is normalized 
to a maximum of 100 fo r the Ab specimen. In the case of the Na rich £eldspars 
the relation is linear, within the limits of what we consider to be our experimental 
error. The intensities of the potash-feldspars, within the composition range Om-OrOG, 
on the contrary, are practically indipendent from the Or-eontcnt because the 
maximum percentage deviation between the intensities of the 201 reRection is 
comparable with the standard deviation of the 20 1 intensity for replicate slides. 
For the k-feldspars, the inA uence of the structural state on the 201 intensity seems 
of negligible importance, while for the Na-feldspars this inAuence is not eval uated 
here due to the lack of a sufficient number of low structu ral state specimens. In 
fig ure 2, as for figu re I, the intensities are plotted against Or-eontent, but in this 
case the measurements are unnormalized and uncorrected by the absorption factor. 
For the Na·rich feldspars, the lines of best fit, as determined by the !east-sq uares 
method. are drawn on the figure. This diagram is useful to evaluate the diffracted 
intensity by a pure K-Na feldspar of known Or-composition. 

Quantitative X.ray djfiraetion analysis 

In order to check the validity of the ~01 reAection in the quantitative analysis 
of alkali feldspars, we analyzed prepared ternary mixtures of alkali feldspars with 
quartz. T he six sets of mixtures are presented in table 3 where in column two and 
three are indicated the three mineralogical components the mixture and their 
percentage weights (wt%) respectively. The mixtures were homogenized by mixi ng 
the components in alcohol with a ball mill for 40 minutes. The quantitative analysis 
of the Na-K feldspars was made by measuring the integrated intensities of the 201 
reAection, by using of the CuK" radiation, in the instru mental conditions described 
above. These measurements are listed in table 3. The interference or overl:lp of 
the 201 reAection of the k-rich feldspars, ut ilized in the mixtures (Or 1, MM and 
H S sa mples) with the 100 reRection of the quartz was corrected as previously 
described. The concentrations of the components of the mixture were computed 
by means of the relation : 

(1) 

where \.l. is the total mass absorption coefficients of the sample at the diffracted 
wavelength, K I is a constant which depends on the characteristics of the 'apparatus 
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TABLE 3 
Valu~s of th~ coml'lIud and theoretical conuntra!ions, diOract~d inunsities, 

f)altl~s 01 J.l. lor ). = 150 A, 01 th~ mixtur~s alkali-feldspar-quartz 

.~~ . " , l.i. o l.$OA.! 1i1l • 1.02quart 

'" 
, It.26_ .s . • 0 . 1718 

., .. 3e. '8 41.70 33 .16 4 U! 

Ouu<z 4 2." 40 . 60 3423 

,. , 9.18 10.70 '00' .. .. 53.31 '6.eo 32.31 

_. 
Ouart,. 31 .44 3' . .0 31U 

* 4a .00 .' .30 4211 ., .. 2 •. 73 2&.00 36.83 ,.U 
Ou .. rt:< 27.22 21.30 2109 

'" n.60 " . 62 lilO' .. .. 40.11 31.20 3 •. 08 .. ~ 
Ouartz 32.29 33.00 2151 .. . 0.11 42.30 un .. .. 39.31 35." 35 . 94 nn 

Dua ru li. n 21.20 1683 

,. , 30. 07 35.eO l O$> .. .. 36 .• 0 34.00 35 .06 3328 

Oua r u 33.'2 31.40 ,~. 

ror k_rdd ....... n .oo 
(nd) · S 

ror N. _hld ..... r 6.$0 

97 

• Theorctic:o! oonccntralionJ. 
(I) using apcrimcnta! ma51 

• EJtimaled n andard dcviation9b. 
a~plion cocflicicm5. 

T ConccmtationJ computed from E-q • 

and on the structu re of the component i, I . is the diffracted intensity of a crystalline 
component (.) contained in the sample and X. is its concentration (wt%). 

The mass absorption coefficient J.l. of the sample mixtures was estimated following 
the procedure developed by B. .. ·ITA Gl .IA et al. (1977). These coefficients are listed 
in table 3. 

In table 3 the concentrations of the alkali £eldspars and quartz calculated with 
the equation (1) (column 4) are su mmarized. 

The values of the K. constants in ( I) were obtai ned through a simple linear 
regression program utilizing all the measurements performed on the mixtures. 
These computed values of the K . consta nts were then used to calculate the con
centrations of the alkali feldspars and quartz in the mixtu res. 
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Procedure (or quantitative analysis 

The proposed method, fo r a quantitative analysis of alkali feldspars, may 
re:ldily be applied in other laboratories. 

A simple procedure for doing this is :15 follows: 
I) the specimen must be hr::lted at 1000" C for 4 hours; 
2) the X-ray intensity of the 201 reAection of the Na-k feldspar must be normalized 

to our intensity measurements. For this propose it is possible to utilize either 
the 201 integrated intensity of the international standard Or 1 (sce table 1) 
;'I~ the 100 integrated intensity of a pure sample of quartz, with a particle size 
of ;loonl 10 microns. This last intensity, for the CuK,£ radiation and with the 
same instrumental condition above described, is ~n determined. It is resu lted 
of 28544 counts, with a standard deviation for replicate slides of <"'V 1 %; 

3) the quantity of alkali feldspar, in the sample, can be determined by the relation: 

f ro !J.<: 
Xi=--

f A ll. 

whe:re Xi is the concentration (wt%) of a alkali feldspar in the sample. f r. is the 
diffracted intensity of the: alkali feldspar to be quantitatively e:stimed, f . is the 
diffracted intensity of a pure feldspar with similar Or-composition to the feldspar 
being quantitatively e:sti med (this intensity can be evaluated, knowing the Or
-content of the pure feldspar, by the diagra m of figure 2); J.1c and J.1. are the 
tOlal mass absorption coefficients of the sample and of t he pu re feldsp:1f 
respectively, at the diffracted wavelenght; 

4) the mass absorption coefficients, J.1,: and ll~ can be estimated following the 
procedure developed by FRANZI N I et al. (1975). 

Conclusions 

The results of our investigation demonstrate that the use of the 201 reflection, 
for a quantitative X-ray powder diffraction analysis of the alkali feldspars is a 
reliable scmiquantitative method. For the k-feldspar no relation was observed 
between the 201 intensity and their Or-content, in the range of Or composition 
exami ned; a linear relation between the two variables, instead, was fo und for the 
Na-feldspar. The plot of figure 2 can be used to evaluate the imensity of a feldspar 
of known Or-contenl. In addition we recall that for the use of this method, the 
alkali feldspars could be heated at 10000 C fo r 4 hours in all cases (unmixed or 
homogeneous specimen). The estimated sta ndard deviation, using this method for 
a quantitative analysi~ is about 12 % for the k-feldspar and about 7 % for the 
Na-feldspar. 
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