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OUANTITATIVEPHASE-ANALYSISOF Rb.ENRICHEDMAXIMUM MICROCLINE
AND LOW ALBITE BY X.RAY POWDERDIFFRACTOMETRY
ROBERT B. FERGUSON ANDNEIL A. BALL
Deryrtmentof GeologicalSciences,Universityof Manitoba, Winnipq, ManitoboR3T 2N2

d'une analyse chimique, une determination de la proportion exacte du pOle Ab dans le microcline.

ABsrRAcr
Curvesderivedfrom intensity data derivedby X-ray powder diffractometry are used to determine the proportions
of Rb-enriched maximum (or low) microcline (K,Rb)MM
and low albite LA in a two-feldspar mixture (e.g., a perthite). Two determinative curves have been deduced, one
utirizing a ratio [dfR(201) = Rr] of diffractogram-derived
intensities / of the 201 peaks of both phases,the other a
ratio 1csp1t1t)= Rzl of intensities derived from a
cotrtinuous-scaopeak-searchroutine of the shongestpeaks
of thb two phases.Where R = /r,e/(Irr.nuu,,m + ILr, the
(quadratic) equation for the wt,9o LA uiilizing the flrst
curveis 47.5Q.4)R? + 52.4(2.4)R1-0.1(0.4),
and that for
the secondcurve is 36.6(3.3)R* + 63.5(3.3)R2-0.1(0.6)
(errors in brackets), The curves are estimatd to give the
phasecompositionto within - I to - 15 wt.Vo LA in the
powdered sample depending upon LA concentration and
whetier one or both types of intensity measurement
(diffractogram, continuous-scanpeak search)is made. The
curves make possible the rapid two-phase modal analysis
of applicable alkali feldspars and, with a chemical analysis, the determination of the Ab* in t}te microcline.
Keywords: Rb-enriched maximum (ow) microcline, low
albite, perthite, X-ray powder diffractometry, determinativg curve, modal analysis.

SOMMAIRE
On pr€sentedes courbesd6riv6esde donndesde diffraction X sur poudres pour ddterminer les proportions de
microcline ordonn6 enrichi en rubidium ld€signd
(K,Rb)MMl et d'albite ordonn6 (LA) dansun m6lange,une
perthite par exemple.On proposedeux relations,une qui
utilisele rapport R1 desintensit€s^Idela r6flexionI0l des
deux phases[drR(t0l)], et l'autre qui utilise le rapport R2
desintensft& deriveesd'un o<amendu spectrecontinu congu
pour ddfinir les pics les plus intenses des deux phases
[sR(str)]. R est le rapport de [4 sur llK.psnaM* /Lqi
l'er<pressionquadratiqueobtenuepour le porirc.6ntagepond6ral d'albite ordonnde 6t 47.5Q.4)Rt2+ 52.4Q.4)&0.1(0.4) selon la premi&re courbe et 36.6(3.3)Rrza
63.5(3.3)R2-0.1(0.Q selon la deuxidme (erreurs enrre
parenthises). On considdrecesrelations aptesi donner un
estim6 de la composition desphasesi de I i l59o d'albite
prbs dans un 6chantillon pulvdrisd, dfuendant de la concentration d'albite A si seulementune ou les deux mdthods de faire lesmesuresd'intensitdsont employdes,Les courbesrendent possiblesI'analysemodale rapide desm6langes
i deux phasesde feldspaths alcalins et, avec les rdsultats

(Traduit par la R6daction)
Mots-cVs: microcline ordonnd rubidique, albite ordonn€e,
perthite, diffractom6trie X sur poudres, courbesd€terminatives, analyse modale.

INtnonuctroN
X-ray powder diffraction (XRPD) records of
many K-feldspaxspecimens,qpecially of microcline,
commonly include one or more of the strongct peaks
of albite. It is possibleto use the intensitiesof the
albite peaksrelative to thosefor tle K-feldspar phase
to quantify the proportion of the two feldspars in
a given powdered sample. Although other types of
observation (optical, single-crystal X-ray,
transmission-elegtronmicroscopy, etc.) must also be
usedif one wishesto know the nature of the twinning and intergrowth of the separate-phasealbite in
a dominantly microcline sample (albite/pericline
tv/inning, perthitic lamellae,rims, 'blebs', etc.), an
XRPD record can provide a rapid two-phasemodal
analysis.For a samplethat has beenchemically analyzed, the method can quantify both the Na in
separate-phase
albite and, by difference, that in solid
solution in the misrosline.
Kuellmer (1959, 1960)published curvesfor correlating the proportions of an albite [ow, high) and
a K-feldspar (microcline, orthoclase, sanidine) in a
powder sample with the relative intensities of certain correspondingpeaks of the two phasesin the
XRPD record. However, he gaveno intensity data,
and his curvesare inconvenient to use; in any eyent,
improvements in powder diffractometry in the last
quarter of a century make it possible to now derive
more precise determinative curve$ of this type.
Described here are curves that correlate the
proportions in a 'mixture' (e.9., a perthite) of two
alkali feldspar phases, Rb-enriched maximum
microcline and low albite, with the relative intensities on the XRPD record of certain pairs of corresponding peaks of the two phaseschosenas standards.
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The derivation of the determinative curves involved, in essence,taking detailedXRPD records
over the required 20 ratge of weighed mixtures of
a Rb-enrichedmaximum microcline and a low albite.
The intensitiesof the two correspondingpeaks of
eachphasechosenas standardswere carefully measured, and then the phasecompositionsof all standard mixtures plotted against the intensity ratios albite/(microcline + albite) for the pairs of standard
peaks to give the determinative curves.
AND THEIRPREPARATION
STaNoano SAMPLES
Standard feldspars
Table I gives the details of the two natural feldsparschosenas standards, a Rb-enrichedmaximum
microcline [designated(K,Rb)MM] from the Cross
Lake granitic pegmatite,Manitoba (Anderson 1984),
and a low albite (designatedLA). Both these feldspar specimens were found, from their X-ray
powdo-diffraction patterns (Fig. l), to contain small
amounts of the other phase.Thesesmall amounts
were quantified in a manner described below, and
allowed for in the derivation of the determinative
curves.
Standard mixtures
We choseintervals for the mixtures of -5 wt.9o
LA from 5 to 1570LA, and - l09o from 15to 8590
LA. This resulted in 11 standard mixtures which,
with the two 'end-member'standards,provided 13
points for definition of the composition - intensity
curyes. The 'weighed' compositions were subsequently modified to allow for the small admirtures
of the other phase in each standard to give the
'actual' compositions(in wt.9o LA). It is thesecompositionsthat wereusedfor the determinativecurves.
Samplepreparation: considerations
The method described next for preparing the
actual sample for diffracto4etry was adopted
becauseit is simple and fast. As such, the accuracy
of the intensity valuesis probably lessthan it would
be were a rotating sample holder or similar devices
used. We adopted this faster, simpler method

Frc. l. X-ray diffractograms on an arbitrary scaleof intensity 1, showing the standard Rb-enriched maximum
microcline (K,Rb)MM and the standard low albite LA,
and four representativemixtures. Phasecompositions
are in 'actual' wt.9o LA (seetext). Across the top are
shown Lhe desiglations for the peaks chosen as standards, 201 aqd str 1:s11.ngest), for the two phases
(K,Rb)MM and LA, with their 20 values.For operating parameters,seetext.
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becausethe phase-analysiscurves described in this
paper are intended to give moderately accurate yet
still meaningful results for fairly large numbers of
specimensin a short time. The errors we suggestlater
for results derived from the use of the method are
basedon much experimentaldata, and allow for variations in grain size,preferred orientation, etc. iathe
samplepreparation.

etry, most of the powder was transferred from the
mortarto a25 x 45 mmpetrographicglassslideon
which it was worked into a 'smear' -20x20x0.1
mm in size in an acetone medium using a needle.
DERIVATIoN

oF TIIE DETERMINATIVE

CI,IRYES

Instrumentqtion, operating parameters
ond sample scans

Sample preparation: expertmental

The XRPD work was carried out on a Philips
The microcline and albite standard mineral speci- automatedpowder diffractometer (SystemPW 1710)
mens were coarsely crushed, picked free of visible equipped with a curved-crystal monochromator,
impurities under the binocular microscope,and then broad-focusCu X-ray tube and automatic divergence
hand-ground using an aluminum oxide mortar and (variable) slit. For the present application, a fixed
ceramic pestle until no 'grittiness' remained.
I o divergenceslit can be taken as equivalent to the
To prepare a powder mixture for the diffrac- variable slit. A teleprinter provided control and
tometer, the required amounts of the two feldspar digital output, the latter supplementing the usual
sampleswere weighed out to give a total sample of strip-chart recorder.
- l(X) mg, placed in a small mortar, and mixed firsr
The following operating parameterswereusedfor
with a needleand tien by grinding with a pestle for most scans(called'normal', n) (the Philips symbols
-60 s. To make the actual samplefor diffractom_ are shown in brackas): goniometer range 20"-32"
()F THESTANDARD
CHEMICAL
ANDCRYSTALLOGMPHIC
CHAMCTERISTICS
SAI'IPLES
Rb-ENRICHED
MAXIMUM
MICROCLINE
(K,Rb)MI'I
ANDLOI{ATBITELA
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29(CuKa), scan speed(SPE) 0.6' fi/min.; chart R!!/(201), L IA.oD and xy{str), re(str). The intenrecorder full-scale(RFS) setting 2000 c.p.s., speed sity ratio R that we adopted as proportional to the
(RSP) 20 mm/"20; rate meter time-constant (RTC) amount (in wt.9o) of LA in a sample(generalizing
2 s; sampling interval-time (INT) 4 s. To record one RM to MM) is of the type R(201) : LA!Q}L)/
of the standard peaks tlat is very strong for some tMM(201)+ LA{201)l (different from the type
samples,severalscans(called 'special', s) were also u\I(20D/MMI(2ot) used by Kuellmer 1959, 19CI).
made with the goniometer rangechangedto?.0o-29o
and the RFS to 5000 c.p.s.
Measurement of peak intensities
To record the XRPD data for eachof the 13 standard samples[(K,Rb)MM, LA, ll mixtures], the folThe intensitiesof the two pairs of standardpeaks
lowing procedure was employed: (i) a smearmount
were recorded and measured as peak heights by
was made on a glass slide (as describedabove); (ii)
two different methods: (l) Diffractograms: graphithe slide was placed in the sample chamber of the
cal peak-height-over-background, such intensities
diffractometer, and scanned 5 consecutive times being designatedby the superscript prefix 'df,
using the operating conditions given above; (iii) the
e,g,, {*tQot). (2) Automated continuous-scan
peak-search:peak heightsprinter-recordedas 'raw'
slide was then removed from the chamber and the
powder scrapedfrom the slide; (ig this samepowintensities (no subtraction of background), such
der was re-mixed, reground slightly, and then used intensitiesdesignatedhere by 'cs', e.g., fr,f(str).
to preparea secondsmear-mount;(v) the secondslide
was then scannedan additional 5 consecutivetimes
Initial cumesrelating phase composition and intenas in (ii) above, and (vi) steps(iv) and (v) abovewere
sity ratio: dilution of each standard sample by the
repeated once again, resulting in 5 scansmade on
other phase
eachof 3 different slide mounts of the samepowder
giving a total of 15 diffractograms with digital outFrom a minimum of 15 scansof eachof the stanput for each of the 13 standard specimens.
dard (K,Rb)MM and LA specimensand the l1 mixtures, the inlensities,Iof the four standardpeakswere
recorded(Fig. 1) and measuredas describedabove,
Standord peoks and their intensity measurement
and meanstaken of all comparableresultsto proTwo pairs of corresponding peaks in the vide, along with the 'weighed' compositionsof the
microcline and albite were selectedas standards,the mixtures, the database(Table 3) for the determinamedium-intensity201 (as used by Kuellmer 1959, tive curves described here. Table 3 is available at
L9@)at -2lo-22o 20, a/lldthe strongest('str') peak nominal chargefrom the Depository of Unpublished
at -28o 20. Details about thesepeaks relevant to Data, CISTI, National ResearchCouncil of Canada,
Ottawa, Ontario KIA 0S2.Our procedureresultsin
our procedure are given in Table 2. The multiplehkl characterofthe str peaks flable 2) makesthem four curvesrelating composition and intensity ratio,
lessdesirableas standardsthan a singlepeak like 201, one for each of S;n(201), ffi!{R(201),$irR(str) and
but they are included becauseof their greater sensi- fiMRGtr) lwhere the subscript RM indicatesmixtures
of (K,Rb)MM with LAl. All four were found to be
tivity to minor amounts of the one phase.
With the intensity of a given peak designatedas describedmost satisfactorily by quadratic equations
,f and with (K,Rb)MM abbreviated to RM, the two (Table 4). Of the four, two were found to be more
pairs of corresponding intensities recorded were preciseand hencemore satisfactory than the others,
TABLE2.
palr
number

(MM)ANDIOI'IALBITE(tA) PEAKS
PAIRS
CHAMCTERISTICs
OFTHEMAXIMUM
I]IICROCLINE
AS fiE ]10 STANDARD
USED
FORTHEDETERI.IINATIVE
CURVES
peaR
designation

hkx

a,A
TTS-TET-

Peak29(CuKol)
I
I
int peak ET-S----TTThkr

z0l
strcnqest
--(sTFf

Notes:

'low

maxJmum
microcline (MM)

2zo
002
040

3.253 3.264 6l
3.247 3,246 100 -100 27,460 27.48"
3.238 3.236 42

alblte

(LA)

Peak2o(CuKor)
a,A
I
I
B&5 F&B int peak B&S F&B

201

4.027 4.026

002

3.'1943.192 ]00 r^^
-

ucu

J. ts

J. t6c

93

67

22.06' 22,06'
?7 oao 27 oao

oo

(l) Termlnology(Iin1, Ieg61).and data, except where noted, from Borg & Smlth (B & S).(1969). (2) F & B
designates present a[thol"a. (3) !'laxlmunmicrocline data from B & S are for 'nonnalr ('Rb-poorr)Ml'|, those
fron F & B are for the Rb-enriched mlcrocllne, (K,Rb)MM(Table 1).
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COEFFICIEI{TS
OF I}IE QUADRATIC
EQTIATIONS
FORT}IE DILUTIONAIID DT'ERIIINATIVECURVES
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Frc.i. 'Dilution'curve:
ptotr". * rr""oi*li*ens

ol

t!

of compositions
in .weighed,

wt,Vo LA against ff R(str), the continuous-scan (cs) intensity ratios for the pair
of strongest (str) reflections. The equation for this curve is quadratic (Table 4).
Bars show errors of lo in the dependentvariable. The interceptsat R:0 and R: I
imply 4.3 and 1.6 wt.9o of albite and microclinein the standard(K,Rb)MM and
LA specimens,respectively.
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namely those for $i,,R(201)and ft4R(str); the latter
is shown as Figure 2.
Becauseboth standard sampleswere knowu from
their diffractograms to contain small amounts of the
other phase,a plot of the nominal or'weighed'compositions against a given set of intensity ratios R
would ideally intersect the composition axis at (0
and >100 for R = 0 and l, respectively;furthermore, the magnitudes of theseintersections beyond
the ideal limits are a mea$ue of the dilutions of each
standard by the other phase. (Ihis is an example of
the 'dilution' method of XRPD analysis.See,for
example,KluC & Alexander 1974,p.554.) All four
curveswere found to indeed conform to thesetypes
of intersection.
Assumingon crystal-chemicalgrounds(sizesof the
alkali ions) and chemicalcompositions(e.g., Smith
1974,pp.68-76)that Rb is presentin the microcline
rather than the albite, the amounts (wt.9o) of
(assumed) LA in the microcline standard and of
(assumed)(K,Rb)MM in the albite standard implied
by the intersections of the two better curves on tlte
compositionaxesat R:0 and R: I are, respectively,3.2,4.3and 1.6,1.6(Iable4, Fig.2). Wehave
taken the meansof thesepairs of values,3.7 wt.Vo

MINERALOGIST

LA and I .6 wt.9o (K,Rb)MM, asthe respectivedilutions of the microcline and albite standards. From
the coefficient errors in the quadratic equations
(Table 4) combined with the chemical compositions
of the standardsClable 1), Ab6.8and Or1.5,we conclude that reasonableerrors in the above two dilution valuesare I .8 and 0.2 wt.t/0, respectively,of the
other phase.
Cunws
Tns DSTERMINATIvE
AND THEIR APPLICATION

The determinstive carves
The dilution values of both standard specimens
'weighed'
by the other phasewereusedto converttlte
compositions of all 13 standard samplesto their
'actual' compositions,both in wt.9o LA Clable 3).
Plots of these'actual' compositionsagainstthe two
R data-setsthat give the most satisfactory curves,
$LR(201) and ffyR(str), constitute our two determinative curves. Both curvesare quadratic in form,
with the coefficients and their errors given in Table
4. The two curvesare shown, respectively,asFigures
3a and 3b.
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Frc.3. Determinativecurves:plots for all standard specimensof compositionsin 'actual' wt.9o LA agarnstintensity
ratios R. Coefficients and errors for the quadratic equations are given in Table 4. Bars show errors of lo in the
dependentvariable. For 'likely errors' in derived resglts, seeTable 6 and text. a. dfrn12Otl, the intensity ratio determined using diffractograms (df), for the pair of 20t peaks. b. ffMR(str), the intensi{ ratio determined using
continuous-scan peak search (cs), for the pair of strongest (str) peaks.
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(I{t,g LA) AI{D RELATED
PHASTCOWOSITIONS
OF Rb.ENRICHED
MAXIMUI.I
I.IICROCLINE
CRYSTALLOOMPHIC
AI'IDCHE,IICALDATAFORTHE SEIEII TEST SPECII.IEIIS
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Sample qualificqtions ond prepsration
To analyze a feldspar specimenby these curves
(Table4, Figs. 3a, b), it must conform to three conditions: (1) it must consist of a single-phasemaximum microcline(A> -0.85) or low albite (or both);
(2) it must be 'free' of quartz and any other
mineral$) whosepeaksoverlap those chosenas standard for the two feldspars; and (3) for theseparticular curves,the microcline must be Rb-enriched, with
Rb2O> -1.0 wt.Vo.
To prepare an applicable specimenof alkali feldspar for analysis by these curve$, a glass slide or
smear sample is prepared following the procedure
described earlier for the standards under Sample
preporation: expeimental. Each sample is then
scannedthoueh the range of N(CuKar) from 20 to
32o at least three times on each of three different
samplesof the samepowder using operating conditions comparable to those describedearlier for our
standards.Recordingwould normally be in the form
of diffractograms from a strip-chart recorder, but
also, for those so equipped, as printouts from an
automated continuous-scan peak-search routine
equivalent to the Philips system used here.
Derivation of intensities I,
ratios R ond sample compositions
All of the relevant intensities from the diffractograms, $h(201), etc. and, where available, from
the continuous-scanpeak-searchprintout, ffi/(201),
etc., are compiled and averaged,and one or both

of the determinative ratios SMR(201)and ffiaR(str)
extracted. The R value is applied to the appropriate
determinative curve (Table 4) to give one or two
values of the required phase-composition in terms
of wt.7o LA. The likely error in sucha result is discussedbelow.
REsuLTsFoR soMETesr SarvrprssoF MrcRocLrNE,
LIKELYENNONS
USINGTHEMETHOD,
AND IMPLIEDAb* tN MtCnOCrn{E
The testsamplesof microcline and their derivedcompositions
For a test of the method, we haveusedsevenpegmatitic, Rb-enriched samples of maximum
microcline obtained from Petreernf. Table 5 gives
PHASE
CONMSIIIOI{S
ERRORS
lII DERIYEO

TAsLE6.

detemlndtlve

0.1

,"
iliR(2ol)

codrposltlon 5.8
errcr d

0.6

20.0
t,z

^i",i(str)
'"'

cowosltlon

6.6

errcr c

0.9

tA

rt.t

na20

8s.8
3.8

22.1

40.1

62.1

86.6

1.8

2.9
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ffilltr 6iil{'r
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0.9
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these specimenstheir localities, relevant crystallo- microcline. The Abo values for the seven testgraphic and chemical data, and the results of our specimensare given in Table 5, in wt.9o in the 2ndXRPD phaseanalyses.Both the diffractogram (df) toJast column, and in mol.9o in the last column,
and continuous-scanpeak-search(cs)intensity ratios with theh likely phase-analysiserrors in brackets
$5,{R(201)and flN{R(str) were evaluared, and rwo (e.g., lst entry: Abo 2.1, likely error 1.7, wt.sloi2.0,
independentcomposilionsfor eachspecimenderived; likely error 1.6, mol.9o).
the resultsare shownin Table 5. The assessment
of
If one takes at face value the chemical and phase
these results must take account of the likely error compositions, their differences, and tJte assumed
in a given result, which we consider next.
errors, tlen one would conclude(l) that essentially
all the Na(+ Ca) is presentasdisoete LA, and 'none'
Likely errors in phase compositions derived
as Ab* in the MM phase for the three specimens
Kf-69-D, BLM-22 and -24, arrd,(2) that the phases
The standarderrors in the coefficient5ofthe equain the remaining four specimens Kf-4-F, -7-C,
tions for the two determinative curves (Table 4) -9GDD
and BLM-30 contain respestively2.0(1.6),
enable one to calculate a standard deviation o for
2.8(1.4),3.8(2.0)
and 1.8(1.8)mol.9oAbo (errorsin
a phase composition correspondingto a given R
brackets).
value. Table 6 gives the o values for some values of
R for both curves. Becausethe determinativecurves
Possible opplication oJ the determinative curves to
are basedon at least (3 x 5=)15 goniometerscans 'Rb-free'
maximum microcline
of each standard specimen, whereas our recommended analytical procedure is based on only
Some preliminary work we have done using a
(3 x 3 =)9 scans,and becausethe analytical curves 'pure' maximum microcline (made by alkaliwere anificially constrained to passthrough the 0,0 exchangeof a low albite) suggeststhat both the
and l,l(D points by heavily weightingthe ideal values standard peak 201 and strongest(str) peaksmay diffor them, we concludethat tle actual error in a given fer by about l09o in intenslty for the 'pure' microresull will be greater than 1o.
cline relative to the Rb-bearing one usedhere. More
We have usedcomparableresultsin Table 5 to try work is required to derivemodifications, presumably
to arrive at a realistic or 'likely' error in relation to small, in the determinative curyes describedhere to
o. The individual values of the phase compositions make them applicable to 'Rb-free' (<< -l w.qo
(wt.9o LA) in the 5th- and 4th-to-last columns in the RbO) or 'normal' microcline. Until such modified
table are followed by, in round brackets,their errors curvesbecomeavailable, we suggestthat the curves
a.slo (e.9., lst €ntry: compositions6.8,9.4; lovalue
given here may be applied cautiously to 'normal'
0.9, 0.8). The meansof comparablepairs of derived microcline samplesprovided errors of perhapstwice
valuesin the 3rd-toJast column are followed by, in those given in Table 6 are assumed.
squarebrackets, the difference betweenone extreme
value and the mean (e.g., lst entry: mean composition 8.1, extreme/meandifference 1.3). Thesefielures
CoNcLUDINGStersMENr
also suggestthat the'likely' error would indeedbe,
in general, > ltr.
The determinativecurvesdescribedheremake posThesefew test-resultsindicate that the likely error
(l) the modal twoin a derived composition will be a function of two siblethe rapid determinationof
powdered
samplesof perfeldspar
composition
of
main factors: (l) whetheronly one of the df and cs
microcline, and
Na-bearing
maximum
or
other
thitic
proceduresis usedto evaluate& and (2) the propor(2), when combined with a chemical analysis, the
tion of LA in the sample.On the basisof theseconin tle microcline. Such a quantitative phasesiderations we propose arbitrary values in terms of Ab*
is not possibleby single-crystal XRD, elecanalysis
'likely
o for the
standard errors in practice'; these
tron microscopy, or other such small-crystal-volume
are shown for particular conditions in Table 6.
procedures.However, in the caseof many samples
For the test samples,the 'likely errors' in the mean
exceptthose that are cryptoperthitic,
composition of the phasesgrven in the 3rd-to-last of microcline,
analysisfor Na(+ Ca) wi[
electron-microprobe
an
column in Table 5 ard the round-bracketed figures
yield the Ab* directly. A comparison of comparain the 2nd-to-last column (e.9., lst entry: mean comble Abr. values obtained by the two different
position 8.1, likely error 1.7).
methods could prove valuable in assessingboth of
them.
Implied Abo in the microcline samples
In that this phase-analysisprocedure can help
If the amount of LA in a microcline-richpowdered differentiatethe 's.s. solvus' from the'bulk composampleis subtractedfrom the chemicallydetermined sition' solvusof applicablenatural feldspars,it holds
'Ab'
1=46.uAn), the differencegivesthe implied potential for elucidatingthe nature and possiblegen.amount of Ab in solid solution (i.e., Ab* ) in the esis of microcline and the rocks they constitute.
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