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THE DETERMINATION OF FELDSPARS IN MUDROCKS
USING AN X-RAY POWDER DIFFRACTION METHOD
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Abstract—Low albite and maximum microcline were the two feldspars identified in Coal Measures mudrocks. Standard
feldspars were then used to spike a mudrock base to construct standard working curves based on X-ray powder diffraction
peak areas. Boehmite was added as an internal standard and also to correct for orientation effects. The samples were
ignited at 950°C before the addition of the internal standard. This is advantageous for several reasons, but a disadvantage
is that albite was found to undergo partial conversion to K-feldspar. The conversion was not total and the original albite
content could be determined. This method is an extension of an existing method for quartz and therefore feldspars and

quartz can be determined simultaneously.
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INTRODUCTION

There is little geological information on feldspars in
mudrocks. According to Blatt et al. (1972, p. 133) very
little is known about the relative abundance of micro-
cline, orthoclase and plagioclase in sandstones and
nothing is known concerning these species in mu-
drocks. Apart from not having any information on what
could be an important component in mudrocks the lack
of quantitative information of feldspar content in mud-
rocks creates uncertainties in the interpretation of
major element analyses, as in the calculation of nor-
mative clay minerals following the schemes such as
those proposed by Imbrie and Poldervaart (1959) and
Nicholls (1962).

Quartz is an important component in mudrocks and
a number of methods are in use for its determination.
One widely used method involves a potassium pyro-
sulphate fusion (Trostel and Wynne, 1940). Quartz is
isolated by this method and is quantitatively retained
for a gravimetric determination. Feldspars undergo
partial solution and they too are retained with the
quartz. Kiely and Jackson (1965) modified the method
so that the attack on the feldspars was reduced in order
that the feldspars could also be determined. Changes
they suggested were a reduction in the concentration
of some of the solutions and use of sodium pyrosul-
phate. They noted that in the potassium pyrosulphate
fusion the plagioclase feldspars gained K. Although
dissolution of the feldspars was reduced it was not en-
tirely eliminated, and Kiely and Jackson (1965) gave
correction factors, based on standard feldspars, which
allow the extent of the dissolution to be calculated. This
was found to vary both with the composition and grain
size of the feldspars and thus in unknown mudrocks
some difficulty could be encountered in applying an
appropriate correction factor.

An X-ray powder diffraction method (Till and

* Cera hydrate was obtained from the British Aluminium Co.
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Spears, 1969) for quartz can also be used. This method
is based on the use of an internal standard, boehmite
(5 pm Cera hydrate*), which is added to the samples
after they have been ignited at 950°C for 3 hr. Igniting
the sample destroys the clay minerals and removes in-
terfering peaks from the X-ray powder diffraction
traces. The ignition also concentrates the quartz, thus
increasing the sensitivity of the method. A standard
working curve was produced using samples of known
quartz content. Quartz was determined using the meth-
od of Trostel and Wynne (1940). In the present work it
was hoped to extend the quartz X-ray powder diffrac-
tion method to include the feldspars.

FELDSPARS IDENTIFIED IN COAL
MEASURES MUDROCKS

In unorientated powder mounts of mudrocks, feld-
spars can be identified by peaks occurring on the X-ray
diffraction traces in the range 27-29°20 (CuKo radia-
tion). Although the feldspars are an extremely compli-
cated group and many reflections are possible in the 27—
29°20 range, it was observed that in Coal Measures
mudrocks the feldspar mineralogy was relatively sim-
ple. In the mudrocks examined only a low albite and a
maximum microcline were recorded. This identifica-
tion was made from the comprehensive X-ray powder
diffraction powder patterns published by Borg and
Smith (1968, 1969).

The feldspar assemblage recorded is simple, partic-
uiarly when the possible feldspar complexity is consid-
ered. Clearly, if the assemblage had been complex then
the problems of developing a method for feldspar de-
termination would have appeared insurmountable. On
the other hand, in these Coal Measures mudrocks a
complex assemblage would not have been predicted.
Feldspars crystallizing at high temperatures will be less
resistant to alteration in the low-temperature weath-
ering environment than those crystallizing at lower
temperatures. Provenance also will play a part in the
production of a simple assemblage. Thus the Coal Mea-
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sures rocks were derived from the Caledonian orogenic
belt, where, in addition to recycling of sedimentary
rocks, granite plutons and metamorphic rocks were ex-
posed containing the feldspars now recorded from the
Coal Measures rocks.

The identification of K-feldspar is based mainly on
the position of the diffraction peak at about 27.50°26
which is due in large part to the 002 reflection. The 201
refiection at 21.08°20 is also important for identification
although the intensity is about half that of the former
peak.

In the mudrocks examined it was found that, when
microcline is a minor part of a complex mixture, there
is a broad peak spanning the 26 value, but averaging
27.52-27.67°20. Other K-feldspars have the main dif-
fraction peak at values of 20 lower than 27.50°28 and
the second most intense peak increases in intensity to
about 60% of the main peak. Triclinic microcline is
unequivocably differentiated from monoclinic K-feld-
spars by the presence of the 131-131 doublet at 26.44
and 30.24°26. The separation of these peaks is used to
calculate the degree of triclinicity after Goldsmith and
Laves (1954).

Plagioclase feldspars give a main diffraction peak,
which is also composite, at about 28°268. For low albite
the main peak at 27.95-28.02°26 is accompanied by a
peak at 24.32°28 which is only a third of the intensity
of the former. Differentiation from K-feldspars is thus
possible. As the calcium content increases so the main
peak shifts to lower 260 values. There is also a shift in
the second peak to 23.52°26 and a lowering of intensity.
To identify a specific plagioclase, it is useful to scan the
20 range from 20 to 28°26 for this usually gives four or
five recognizable peaks even when the plagioclase con-
tent is low.

The boehmite internal standard peaks occur at
14.51°20 for the 020 reflection and 28.28°26 for the 021
reflection. These peaks also provide a check on the X-
ray intensity and the 26 calibration.

PREPARATION OF STANDARD
WORKING CURVES

Sample preparation and operating conditions

The advantages of igniting samples at 950°C were
noted earlier in describing the X-ray determination of
quartz. The same advantages of removing interfering
clay peaks and enhancing the diffraction intensities
should also apply to the feldspars provided that ignition
either does not have an appreciable effect, or the effect
is predictable. In the work of Kiely and Jackson (1965)
reaction between the potassium pyrosulphate and pla-
gioclase feldspars was noted. In the present work we
observed that mudrocks in which only albite could be
detected before ignition contained a significant amount
of microcline after ignition. Plagioclase feldspar reacts
with K released when the clay minerals are destroyed.
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The importance of this reaction and ways to circumvent
it were considered.

Standard feldspars were chosen from reference min-
erals to correspond with the feldspars identified in the
mudrocks. The behavior of the standards in a mudrock
base following ignition was also checked. The mudrock
base was chosen because feldspars were not detected
although the mineralogy was otherwise typical, based
on the major element composition. The matching of
standards and unknowns is made a little easier by the
fact that small variations in composition of the albite
and up to 20% perthite in the microcline can be toler-
ated without affecting the peak intensity.

The choice of suitable standards must be based on
the correct identification of the feldspars in the un-
known mudrocks. This can usually be achieved from
X-ray diffraction traces of unfired samples and using
the tables of Borg and Smith (1968, 1969). In some cases
it may be necessary to concentrate the unknown feld-
spars by ignition, but the possibility of reaction must
be borne in mind. Once the unknown feldspars are iden-
tified suitable standards can be selected. We used pure
massive minerals from our reference mineral collec-
tion. The purity of the standards was checked by X-ray
diffraction on powder mounts run from 4 to 44°26. The
heating properties of the pure feldspars were also
checked. Plagioclase feldspars, for example, should not
be antiperthitic and muscovite impurities should be
avoided because of the release of K,0O at 950°C.

Differentiation of monoclinic orthoclase and triclinic
microcline was achieved using the method of Gold-
smith and Laves (1954). Monoclinic K-feldspar has a
single 131 reflection and triclinic K-feldspar a 131 and
131 doublet. The separation of the doublet increases the
more triclinic the feldspar and thus Goldsmith and
Laves (1954) suggested the following formula: triclin-
icity A = 12.5 (d131-d131), such that A = 1 for the
most triclinic, or maximum microcline and A = 0 when
the feldspar is monoclinic.

Small amounts of plagioclase within the K-feldspar
can be tolerated; these feldspars are very commonly
microperthitic. Luth and Querol-Siné (1970) demon-
strated that some 2% Na can be tolerated in the micro-
cline structure without affecting ordering or spacing. At
the grain size used in the method, any crytoperthite
with either the standard or unknown K-feldspar would
be homogenized at 950°C to give a single phase. It is
important, however, to make sure that the perthite is
only a minor phase in the standards in order to avoid
exchange reactions with the standard K-feldspar or
modification of the ordering (which is stable if the albite
molecule is less than 2%). Estimation of the perthite
content is done using Wright’s (1968) equation from the
unfired K-feldspar powder trace utilizing the position
of the 201 peak. Wright’s equation, maximum micro-
cline/low albite series; microcline percentage in perth-
ite = 2031.77-92.19 x (263,) peak.
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Standard feldspars were then added to a suitable
mudrock base and the procedure followed as outlined.
A sample of mudrock was dry-sieved to pass 200 mesh
(75 pm). A 2-g sample was ignited in a shailow vitrosil
dish at a temperature of 950°C for 3 hr. The ignition loss
was recorded and the sample was hand-ground to a talc-
like consistency in an agate mortar. The ignited sample
was then mixed with boehmite (5 um Cera hydrate) in
the weight proportion 9 (sample) to 1 (boehmite). This
sample was then mechanically homogenized. The same
treatment was used for the mudrock base spiked with
feldspar standards. The feldspar was ground to pass 200
mesh and added to the mudrock base before ignition.
Standards were prepared in this manner covering the
range 0.5-10.0% albite and 0.5-10.0% microcline.

The X-ray diffraction traces were obtained using
back-filled A1 holders and a 2kW Philips diffractometer
operating under the following conditions: CuKa—Ni fil-
tered radiation; 1, 0.1, 1° slits; 36 kV, 26 mA; scan rate
15°20/min, chart speed 120 cm/hr. The samples were
scanned from 13.0 to 15.5°260 and from 25.5 to
29.5°26.

A constant base line was drawn on the diffractograms
and the areas of the peaks measured. A polar plani-
meter was not used; instead it was found more accurate
to weigh peaks prepared from an overlay of high quality
drafting film.

Problems due to preferred orientation

The two main boehmite peaks are at 14.50 and
28.20°26. The former is more intense and on average,
using the back-filled Al mounts, the ratio of the areas
was found to be 0.50. The ratio does vary and it was
noted that as it did so there was an antipathetic rela-
tionship between the microcline and albite peak areas.
This was proved to be due to a variation in orientation
by comparing back-filled mounts with sedimented
mounts. The boehmite peak at 14.5°26 is the 020 re-
flection and the peak at 28.2°26, is the 021 reflection.
Boehmite has a {010} cleavage and therefore orienta-
tion should enhance the 020 reflection and reduce the
021 reflection. The ratio of the boehmite peak areas will
therefore be reduced (peak area 28.2°26/14.5°26). The
ratio for a sedimented mount was 0.29, whereas in the
back-filled mounts the variation was from 0.47 to 0.53,
which is relatively small (£6%). In the feldspars cleav-
age will also influence the peak areas. The main cleav-
ages are {001} and {010}. The albite peak at 27.9°20 is
due to, in decreasing importance, the 002 (/ = 100), 040
(I = 67) and 220 (I = 37) reflections. The microcline
peak at 25.7°20 is due to the 002 ( = 100), 220 (I = 62)
and 040 (I = 36) reflections. Preferential orientation
should therefore favor albite more than microcline and
this was observed in practice. Standard feldspars and
unknowns behaved in an identical manner as the degree
of preferred orientation was varied. Although care was
taken in hand-grinding the samples and in packing the
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samples, it proved difficult to eliminate entirely a small
variation in orientation. The peak areas were therefore
standardized to a boehmite peak area 28.3°20/14.5°26
of 0.5 using the calculation given below, which was es-
tablished from the repeated diffraction traces. These
are: for albite:

Albite peak area x 0.5
Boehmite (28.2°26 peak area)/(14.5°28 peak area)

for microcline:

Microcline peak area x 2.0
Boehmite (14.5°26 peak area)/(28.2°26 peak area)

The reaction between potassium and plagioclase at the
ignition temperature

The advantages in igniting the sample, apart from the
fact that this is done in the X-ray quartz method which
we are attempting to extend to include the feldspars,
are that interfering clay X-ray reflections are removed
following a 3-hr ignition at 950°C and the concentrations
of quartz and feldspars are increased. Another impor-
tant advantage is that these minerals which have cooled
slowly through the solidus as homogeneous. feldspars
can show unmixing effects as well as structural inver-
sions such as the conversion of monoclinic to triclinic
K-feldspar. In feldspars present in mudrocks these
would be represented by only cryptoperthites (and the
converse) at this order of grain size. While this exso-
lution component could be unimportant on a weight
% basis, subsidiary diffraction peaks of differing feld-
spar species could appear for unfired samples. The ad-
vantage therefore of heating at 950°C is that homoge-
nization occurs for these feldspars and the diffraction
patterns are attributable to a single plagioclase or K-
feldspar mineral depending which is dominant in the
perthite-antiperthite.

A disadvantage of ignition is that the plagioclase feld-
spars undergo reaction to form K-feldspar. This reac-
tion was investigated by Viswanathan (1971a, b). Inlow
albite the structure is deformed around the Na atom,
but as the temperature increases so the structure ex-
pands until K can be accommodated (Smith, 1974). The
K-feldspar produced in our work had an identical dif-
fraction pattern to the standard microcline. The pos-
sibility of suppressing the reaction by adding a sodium
salt was investigated. NaCl was added and reaction
between the K released from the clay minerals and the
albite was prevented. However, we had also inadver-
tently produced a fusion mixture in which quartz, in
particular, was soluble. Although in the Coal Measures
samples investigated in this work the K,0% (3.0-5.0%)
was always in excess of that required to convert all the
albite to microcline only partial conversion was ob-
served.

Apart from the changes in the feldspar contents the
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Fig. 1. The partial conversion of albite to microcline at the ignition temperature at 950°C microcline formed = 0.59 (amount of albite). Also

shown is the line denoting total conversion maximum microcline = 1.06 (amount of albite).

experimental conditions remained constant including
the ignition temperature, the duration of heating and the
grain size of the samples. The results are shown in Fig-
ure 1, where it will be seen that for a given albite per-
centage the microcline produced during ignition is 56%
of the theoretical maximum and furthermore that these
proportions remain constant over the range of albite
values studied. This means that for these Coal Mea-
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Fig. 2. The relationship between the percentage albite, in ignited sam-
ples, and the ratio of area albite diffraction peak to area combined
boehmite diffraction peaks.
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sures samples the problems resuiting from reaction dur-
ing ignition can be overcome. Thus from the albite re-
maining after ignition the original albite content can be
determined and the amount of microcline produced
during reaction. This latter figure can then be deducted
from the total amount of microcline.

Standard working curves

The working curves for albite and microcline are giv-
en in Figures 2 and 3. The peak areas, measured by
weighing, are expressed as a ratio of the boehmite area.
Because of a variation in the relative intensities of the
28.2 and 14.5°26 boehmite peaks, the total area of the
two peaks was taken. This gave marginally more con-
sistent results than using the area of the main boehmite
peak alone. The albite peak area is measured, the effect
of orientation allowed for using the ratio of the two
boehmite peaks as described earlier, and this value ex-
pressed as a ratio of the boehmite peak area. The albite
percentage is then determined from Figure 2, and the
ignition loss taken into account. Figure 1 is then used
to give the percentage microcline produced from the
albite during the ignition and this figure is deducted
from the total microcline percentage. The latter value
is found from Figure 3, again expressing the microcline
peak area as a ratio of the total boehmite area.

It will be noted on Figures 2 and 3 that the curves do
not pass exactly through the origin. This stems from our
measurement of small feldspar peak areas and the
choice of a suitable and constant baseline.

Detection limits, precision and accuracy

The detection limits for the method were found to be
0.4% albite and 0.4% microcline. The feldspar contents
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Fig.3. Therelationship between the percentage microclifie, in ignited
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in the mudrocks examined was typically in the range
1.0-3.5% and no sample exceeded the upper limit of the
standards. Repeat determinations on standards con-
taining 3.0—4.0% albite and microcline gave an average
coefficient of variation of 5.4%. However, close to the
detection limit the precision is understandably lower
and the coefficient of variation was 17%.

The accuracy of the method is difficult to estimate
because it is very much dependent on the choice of the
correct feldspar standard. Unknown mudrocks con-
taining feldspars were spiked with standard feldspars
and the feldspar content determined before and after
spiking. Sample R2G, which was thought to contain
3.80% microcline from the standard curve, when spiked
with 2.45% microcline gave a total of 6.25% microcline
and when spiked with 4.40% microcline gave a total of
8.20%. Likewise sample R2F, which was thought to
contain 1.15% albite, when spiked with 1.99% albite
gave a total of 3.15% and when spiked with 4.3% albite
gave a total of 5.45%. Although these figures are very
good, the standards with which the samples were
spiked were the same as those on which the standard
curves were based and therefore they demonstrate that
the precision is good and possibly also is the accuracy.

CONCLUSIONS

A method for the determination of the feldspars pres-
ent in Coal Measures rocks has been developed using
standard feldspars. The feldspar assemblage in these
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mudrocks is relatively simple, consisting of low albite
and maximum microcline. We would suggest that in
other mudrocks the feldspar assemblage will not be
complex, because it is only the low-temperature feld-
spars which will generally survive in the sedimentary
cycle. Immature mudrocks in which this is not the case
will undoubtedly occur, but these will be associated in
the stratigraphic column with immature sandstones
falling in the arkose category. The Coal Measures sand-
stones do not classify in this category. Thus we believe
that the choice of suitable feldspar standards may not
be as difficult as the vast number of feldspars present
in igneous and metamorphic rocks suggests it might be.

The conditions adopted in this work are the same as
those used in a quartz method using boehmite as an in-
ternal standard (Till and Spears, 1969) including the ig-
nition of the samples at 950°C. Apart from the advan-
tage of concentrating quartz and feldspars and reducing
background on the X-ray diffraction scan, ignition also
simplifies the feldspar reflections. A disadvantage of
ignition, however, is the reaction of albite with K re-
leased from the clay matrix to give K-feldspar. Reac-
tion is, however, incomplete under the conditions used
and the amount of albite remaining after ignition can be
used to give the original albite content. Likewise, the
microcline produced can be deducted from the total
microcline present to give the original microcline con-
tent. Some variation was encountered due to orienta-
tion. Using the boehmite peaks this difficulty can be
circumvented and thus the internal standard serves
more than one purpose.

We do not claim that the method described for the
determination of feldspars in Coal Measures mudrocks
can be used for all other mudrocks. In mudrocks of a
comparable composition to those analyzed in this work
little modification should be necessary, however, and
the method should provide a viable alternative to the
fusion method of Kiely and Jackson (1965).
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PeswMme~ HH3KOe coepxkaHHe anbbuTa H MakKCHMaJIbHOE€ - MHKPOKJIMHA OLUIO YyCTaHOB=—-
JleHo B apruwinure "Koyn Mexes".3TallIOHHHE IMOJIeBHe LIAaTH OGLUIM 3aTEeM HCIOIb30Ba—
HEl, YTOOH BHS3BATH MUK OT APTWINIHTOBON OCHOBH 1jisi NOCTPOEHHS 3TAaJIOHHHX pabouux
KPHUBHX , 8a3UPYHNMUXCA B 30HAX MHKOB MMOPOWKOBHX OUGPAKLUUN DEHTIEHOBCKHX JNyden.
BemuT 6RUT JOo6aBJIeH B KaYeCTBe BHYTPEHHErO 3TajloHa,a TakXe IONsa yCTPaHeHHS HC-—
KaxXeHu# 3a cueT 23PPeKTOB OpHeHTaUHH.OOpa3lH NTPOKaJIHBaJIUCE HPHU 950°C nepen
L0OBGABKOM BHYTPEHHErO 3TaljicHa.3TO IaeT OpeHMymecTBa IO HECKOJIBKHM IIPHYHHAaM, HO
OTPULATEJIBHON CTOPOHOH ABJAETCH TO,YTO aJILO6MT YACTHYHO npeBpamaeTcsa B K-no-
nepo# umar.lipeBpameHUe He ABAAESTCA NOJHEM K IMepBOHAYaJIbHOE copepxaHue anbbH—
Ta MOXEeT OHTBb ONpelesIeHO.3TOT MeTOH fABJIAeTCsI pa3BHTHeM cyumecTBywmero meroma
onpenerieHUsa KBaplia,H,TakUM 06pa3oM,OJIeBHE WIMATH H KBaplli MOTU'yT ONPEHeNIATbCHA
OOHOBPEMEHHO.,

Kurzreferat~ Tieftemperatur Albit und maximum Microc¢lin waren die zwel Feld
spdte, die in 'Coal Measures' Schieferton identifiziert wurden. Dem Schief-
erton wurden Standart Feldspdte zugegeben, um Eichkurven herzustellen,die
auf Fldcheninhalten von R&ntgenpulverdiagrammen beruhen. Als innerer Stand-
art,und um Orientiergngseffekte zu korrigieren, wurde Boehmit zugegeben. Die
Proben wurden um 950°C angezlindet-vor der Zugabe des Standarts. Das ist aus
verschiedenen Griinden vorteilhaft, aber ein Nachteil ist, daB es sich her-
ausgestellt hat, daB Albit eine teilweise Umwandlung in K-Feldspat unter-
geht. Die Umwandlung ist nicht vollstdndig und der Originalgehalt des Al-
biten konnte bestimmt werden. Diese Methode ist eine Erweiterung einer
schon exsistierenden Methode fiir Quartz, und daher kdnnen Feldspidte und
Quartz nebeneinander bestimmt werden.

Résumé-L'albite basse et la microcline maximale &taient les deux feldspaths
identifiés dans les argilites"Coal Measures".Des feldspaths standards ont
alors été utilisé&s pour &talonner une base argilite pour construire des cour-
bes de travail standard basées sur des régions de pics de diffraction aux
rayons-X.De la boehmite a ét& ajout&e comme &talon interne et aussi pour cor-
riger les effets d'orientation.Les é&chantillons ont é&té oxidés a 950°C avant
1'addition de 1'é&talon interne.Ceci est avantageux pour plusieurs raisons,
mais un désavantage est que l'albite subit une conversion partielle en
feldspath~K.La conversion n'est pds totale et le contenu d'albite & l'origi-
ne n'a pas pu &tre déterminé.Cette méthode est une extension d'une méthode
existante pour le quartz,et c'est ainsi que les feldspaths et le quartz
peuvent &tre déterminés simultanément.
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