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X.RAY AND OPTICAL STUDY OF ALKALI FELDSPAR:
I I .  AN X-RAY METHOD FOR DETERMINING THE
COMPOSITION AND STRUCTURAL STATE FROM

MEASUREMENT OF 20 VALUES FOR
THREE REFLECTIONS. l

Tnoues L. Wnrcnr, fI . S. Geolog,ical Suraey,
Hawa,i,i I{ational Park, Hawa,i,i

ABSTRACT

Measured 20 values of the 201, 060, and 204 diffraction peaks of natural and svnthetic

meters for a computer refinement of the cel1 may be obtained from equations relating ceII
dimension to 2d value of a single diffraction peak for a wide variety of natural, synthetic,
and cation exchanged alkali-feldspar phases. The 'three-peak' method permits any geologist
rvho has access to an X-ray diffractometer to describe and name alkali feldspar phases
commonly encountered in petrologic studies.

fNrnooucrroN

In a preceding paper (Wright and Stewart, 1968;part I of this study),
a method was described by which composition and structural state of
alkali feldspar could be determined from cell dimensions refined by com-
puter using powder X-ray diffraction data. While processing the com-
puted results, certain distinctive and ubiquitous feldspar reflections were
found whose 20 values depended principally on a single unit-cell dimen-
sion. Discovery of such reflections suggested the possibil i ty of using the
2d values instead of cell parameters to estimate structural state and
composition of natural alkali feldspars. The three most useful reflections
and the cell_parameter on which their 20 value depends are 201-a,
060-r, and 204-c. The reflections are commonly of sufficient intensity
to be accurately measured and indexed from diffraction patterns of
alkali feldspars collected from a wide variety of geological environmenls.
Best 6.t curves relating the 2d values to the appropriate cell dimension are
essentially l inear and permit easy estimation of starting parameters for a
complete refinement of the unit cell. The sections following describe this
'three-peak' method of studying alkali feldspars in some detail.

l lnrnots or Sruny

The 20 values and cell dimensions that form the basis for the 'three-

1 Publication authorized by the Director, U. S. Geological Survey
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X-RAY AND OPTICAL STUDY OF ALKALI FELDSPAR 89

peak' method are abstracted from the data for synthetic, base-exchanged,
and natural alkali feldspars compiled in Part I.

Methods of measurement are described in the appendix of that paper.
Cell dimensions were obtained using the computer program of Evans,
Appleman, and Handwerker (1963) with subsequent modifications by
Appleman and Handwerker. Equations relating cell dimension to 28
value were computed using a standard least-squares program.

Identif,cation of ref,ections. The approximate ranges of 20 (CuKa1) for
five reflections that are used in the 'three-peak method' are listed in
Table 1. (See also Tables 11-15, Part I). The 201 and 060 reflections may
be indexed unambiguously in all natural alkali feldspars. The 204 is a
strong, single reflection in most orthoclase, microcline, anorthoclase,

Tesrp 1. PosrrroN ol Axllr Fnr,ospan RnrlncrroNs Usno rN
'Trrnnn-Pnn r<' Rnrnrnrurxt

Approximate Range of 2d (CuKar)

Miller
Indices,

hkl

Approximate

Intensity

40
> 100

8
25
30

Potassium-rich
- L ^ ^ ^ ^

20.8"-21.2"
27.40-27.8"
38 . 60-39 .00
41 .6042.00
50.50-51 .  1"

Anorthoclases

2r.6"-21 .9"
27 .8"-28.0"
not present
41  . 7 " -  42 .00
51 .  1"-51 .30

AIbite

(201)
(002)
(113)
(060)
(2o4)

2t .90-22 .1"
27 .go-28.1"
not present
42.2"-42.6"
51 .20-51 .50

and albite samples. In sanidine or orthoclase having anomalous cell
dimensions 204 is commonly either overlapped by or joined by one or
more additional reflections. If reflections in the vicinity oI 204 are sharp,
28 values of the 113 and 002 reflections may be used to make an unam-
biguous identification of the reflection whose index is 204, as Shown in
Figure 1.

PnBsBNrerroN oI DATA

2d values for 060 and 204 are plotted against one another in Figures 2
and 3 for the three complete series of feldspars and for most of the other
cation-exchanged feldspars reported on by Orvil le, (1967) and in Part I.
The presentation is analogous to the D-c plots of the latter paper (Figs.
2a and 2b). The data from which Figures 2 and 3 are constructed are
given in Table 3. 20 values for SynSanShaw, P50-90 KF, and their ex-
change equivalents are given in Table 3 but not plotted on Figure 3 as
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the former was shown to have anomalous cell dimensions and the latter
has considerable Ba and Sr in its bulk conr:position (see Part I). For the
three complete feldspar series 20 values of 20t are plotted against Or
content in Figure 4, which can be compared with the plot of a against Or
content for these same series (Part I, Fig. 1a). Equations relating 20
value of 201 to Or content are given in Table 4.

Equations relating 20 value of a single diffraction peak to the appropri-

50.50  .6  .7  .8  .9  51 .O"  . l

2 0  ( 2 0 4 1 C u K o . ,

Fro. 1. Plotted lines that enable identification of 204 where more than one reflection
occurs between 50' and 51' 20, CuKay The upper line relates the position of the f13 and2}4
reflections, according to the relationship 20 Q04: l.l780 120 (T13)l+5.1048+ 0.0202' 20

@0a). The Iower curve relates the position of the 002 and 204 reflections, according to the
relationship 20 (204):1.6886 [20 (002)l+4.1690+0.0317" 20 (20+). Light boundary lines
are drawn at points corresponding to * 2 standard deviations of 20 (%4).

ate cell parameter are tabulated and discussed in an Appendix. These
equations demonstrate the linear relationship between 20 value and cell
dimension and may be used to obtain starting para.meters for computer
refinement of the unit cell. Cell dimensions computed from the equations
are not, of course, as accurate as those obtained from a good cell refine-
ment and should not be quoted in comparison with feldspars whose di-
mensions have been so refined.

In the course of tabulating the values oI 20 for104,060, and 201 it was
discovered that the values calculated by the computer in a cell refine-
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ment differed by as much as + 0.030 20 ftom the observed values for these

reflections. In Table 2 the deviations of calculated from observed 2d

values are summarizedfor each of the three reflections measured for each

complete series. In all but two instances the average absolute deviation
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Fro. 2. Observed 20 values of 060 plotted against observed 20 values of 204 for mem-

bers of three complete series of alkali feldspars reported in Part I.

Solid Squares: Maximum microcline-Iow albite series, data of Orville (1967).

Open Squares: P50-56F (orthoclase) series, data of Wright and Stewart (1968).

Solid Circles: High sanidine-high albite series, data of Owille (1967).

Open Circles: High sanidine-high albite series, data of Donnay and Donnay (1952 and

written communication, 1963).

Data points are drawn to * 0.02" 2d which exceeds the range observed in measurement of

three X-ray patterns for each sample.

is less than +0.01" 20, well within the error inherent in measurement of

the reflection. The average deviations using the signed values oI 20 (ob-

served) minus 2d (calculated) are also shown in Table 2. Theoretically

these average deviations should all be zero for a random deviation of the

calculated values around the observed ones. In the actual cases there is

always a small bias. For the sake of consistency and maximum applic-
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20 2o4 cuK.,

Frc. 3. Alkali exchange paths (see Part I, Fig. 2) on a plot of 2d(060) agairrst 20(204).
Solid lines are drawn by eye from the data of Figure 2. Solid squares define the approximate
positions of maximum high and low structural states at NaAISi:Os and KAlSiaOs bulk
composition. Dashed lines connect data for exchanged feldspars studied in Part f. Cross-
contours are20(2O1), interpolated as straight lines between points for the three complete
series. Data for natural maximum microclines (Wright and Stewart, unpub data), and for
natural anorthoclases (Carmichael and Mackenzie, 1964, Stewart, unpub. data) are plotted
as small circles, for comparison with Part I, Fig. 2.

ability to observations of natural alkali feldspars, the equations of Tables
5 and 6 and the data of Figures 2-4 relate the observed. 20 to the appro-
priate computed cell parameter.

DBtnnurNarroN ol CouposrrroN AND STRUCTURAL SrATE oI ALKALI
Fnrrspan AND IDENTTFTcATToN oF (ANoMALous' FELDSpARS

UsrNc rlec 20 Veruos FoR 201, 060, awn 204

The methods of this section are exactly analogous to those described in
Part I (p. asff) using the cell dimensio!\s a, b, and c, and the feldspar can
also be named and described using terminology given in Part I (p. 33fi).
The procedure following the 'three-peak' method is as follows:

1. Measure carefully 2d values for 201,060,204, 113 (if present), and
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Frc. 4 Or content plotted against 2e(201) for three complete series of exchanged feld-

spars. Data sources and symbols as given for Figure 2. Equations relating 20(201) to Ot

content for each series are given in Table 4.

002 using methods described in Part I (Appendix)' Refer to Figure 1 to

identify 204 *hetr more than one sharp diffraction peak appears between

50o and 5t" 20 (CuKar). In the rare cases where reflections near to and

including 204 ar. I,,tzzy the 'three-peak' method is inapplicable.

2. Plot the 20 values of 060 and204 on Figure 3 and read ofi the ap-

oroximate 20 valse of 201 from the contours. If this value agrees within

20
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0.1" 20 with the 20 value directly measured Ior 201 the feldspar may be
assumed to have normal cell dimensions. fn cases where the 20 value oI
201 derived from Figure 3 exceeds the measured value by 0.1o 20 or more
then the feldspar may be termed anomalous.

3. For normal feldspars structural state is obtained directly from

Tanln 2. DnvrlrroNs ol Ce.lcule.roo Vr,uns rnou Olsnxvpl
Ver.uos or 20(2Ol),20(060), exo 20(204)

(20 observed)-(2d calculated)r  
Number

Series
Re-
flec-
tion

Absolute Average
Devia- Absolute

tion Deviation

, Averaqe
Jrgneo .-, 

Utjserva-

Lrevlatlon ^ : trons
L'EVIATIONS

High sanidine-
high albite

Orvilie (1967)

(201) .148 .007
(060) .090 .0045
(204) .1s6 .008

.0065

.005

.004

+.014 +0.001
- .060 -0.003
- .138  -0 .007

- .006 -0.0005
+ . r r7  +0 .012
+.047 +0.010

- .010 -0.001
- .005 -0 .0005
- .011  -0 .001

20
20
20

lligh sanidine- (201) .054
highalbite (060) .123
Donnay and Donnay (1952) (204) .047

P50-56 KF (201) .072 .007
Orthoclase (060) .051 .005
Wright and Stewart (1968) (204) .065 .0065

.006

.014

.010

9
9
5

10
10
10

Maximum microcline (201) .070
lowalbite (060) .051
Orville (1967) (204) .041

- . 0 1 0  - 0 . 0 0 1  1 1
- .040 -0 .004 10
+ . 0 1 1  + 0 . 0 0 1  1 1

1 Differences are calculated as absolute (unsigned) quantities in column 3 and 4. In
columns 5 and 6 the signs of the differences are retained. The values in columns 5 and 6
should be zero for perfectly random variation.

Figure 3 in terms of the closest plotted feldspar of known structural srate
(see example below). Because of the difference in ordering scheme for
Na-rich compared with K-rich feldspars, discussed in detail in Part I
(p.27fr), the structural state should be described only in terms of the
cation-exchanged feldspar series in which the starting material was
nearly the same composition as the unknown. The structural state of
natural al,bite and o.northoclase should be compared to the equivalents of
high albite (including 563-30), 562-34, Albite III, and low albite. The
structural state of potassium-rich Jeldspars should be compared to the
equivalents for High Sanidine, Puye (:low sanidine), P50-56F, Benson,
SH 1070, Spencer B, Spencer U, and maximum microcline.
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Talrn 3. Dar.q. Usno ro PREpARE Frcurus 2 aro 3.

95

Feldspar Series Bulk Composition
(Wl7o-Or)

Observed 20 (CuKar)"
(201) (060) (?f.4)

Synthetic high sanidine-
high albite
(Orville, 1967)

Synthetic high sanidine-
high albite
(Donnay and Donnay 1952)

Orthoclase (P50-56KF)
(Wright and Stewart 1968)

Maximum microcline-low
albite
(Orville 1967)

100 (extrapolated)

41.577 50.845
41.558 50 .836
4r .577 s0 .850
41.575 50 .852
41.598 50.892
4t.6rl  50.888
41.605 50.904
41.652 50.920
4r .659 s0 .930
41.680 50.932
41 696 50.945
4r.722 50.984
41.7tu 51.034
4r .828 51 .082
4 t . 8 9 6  5 1 . 1 3 0
41.954 51 .194
42.023 5r.26r
42 .103 51 .322
4 2 . r 7 r  5 1 . 3 9 0
42.222 51 .433

41.570 50 .870
41.590 50 .890
41.650 50 .920
4r .690 50 .945
41.745 50.960
41.835 51  .068*
4 1 . 9 5 5  5 1 . 1 7 5 *
42.080 51 .281*
42.195 51 .468*

41.655*  50 .700+
41.653 50 .723
4r.653 50.7s8
4t .660 50 .706
4 r . 6 5 1  5 0 . 7 3 0
4r.67.t 50.766
41.693 50.766
4r .716 50 .783
4t.763 50.835
41.801 50 .870
41.916 50.955
42.045 51 .090
4 t . l 7 l  5 1 . 2 0 3
42.291*  51 .320*

41.809 50 .527
41 829 50.565
41.84r 50.576
41 853 50.589
41.900 50.642
41.938 50 680
41.999 50.72s
42.094 50 .810
42 .245 .50 .948
42.M1*  51  082
42.500 51.142

94.5
8 6 . 8
8 5 . 9
7 6 . 7
6 8 . 3
f f i . 4
5 1 . 6
4 2 8
34.0
26.3
1 6 . 8
8 . 4

0 (extrapolated)

9 9 . 5
89.7
7 9 . 8
7 0 . 0
6 0 . 1
.)u - .1
40.4
30.  6
2 0 7
1 0 . 9
1 . 0

100
95
90
85
/ J

70
65
60

50
45
40

30
25
20
15
10
5
0

20.959
20.995
21 .059
2 1 . 0 8 5
2 1 . r 9 7
2 t . 2 5 4
21 .300
2 r . 3 6 9
21 .404
21.480
2 r . 5 2 5
2 r . 5 9 t
2 r . 6 5 7
21 .703
2 t  . 7  5 7
21 .807
21 .856
2r .9 r8
2r .977
22.O19

20.945
21.l f f i
21 .340
2 l . 4 7 0
2 1 . 5 8 0
2 r . 7 1 5
21 .80s
2r .9 r5
22 000

20.905*
20 gffi
2 t . 018
21 .051
21 .146
2 r .225
21 .30r
21 .431
21.54r
21 655
21 .723
21 820
21 .918
22.043*

20.993
21 .091
2 l  . r 7  6
21 .254
2 r .387
2l  .465
2 r .570
2 r .684
2 1 . 8 1 5
21 .945
22.057

100
80
60
50
4A
30
20
10
0



THOMAS L. WRIGHT

T rnr-n 3-(continued)

Feldspar Series
Bulk Composition

(wt. 7; or) (20r)
(Observed 20 CuK"r)"

(060) (204)

SynSanShaw (Wright and
Stewart, 1968, Table 2)

s 63-30

Puye

P50-90

Benson

sH 1070

Spencer B

Spencer U

s62-34

Low albite III

Natural maximum microclines
Amicr (Stewart, unpub.)
sH 22s00 (wrilht i967)
MP-3 Mi (Wrieht. unpub.)
P63-1 Mi (Do.l
Natural anorthoclases

Orb Abb

l n : t  
7s  6

: . :
15 .7  74 .2
16 .8  64 .8
1 1 . 8  7 6 . 8
r 4 . o  7 7 . 4
1 7 . 8  7 4 . r
18.7 7t  1
1 8 . 8  7 9 . r
2 r . 2  7 5 . 6
2 1  . 8  7 5 . 8

100
0

0
100

42
95
2

62
o)
t2

94
7

96

87
94 .5
4

9 l
-6

94
94

-0

-0
100

0
100

10 1
1 8 4
1 0 . 7  0 . 7
7 . 8  0 . 8
6 . 9  |  2
8  9  1 . 2
1 . 1  1 . 0
2 . 1  1 . 0
0 . 9  1 . 5

20.950
22.011

22.02+
20.978

2 1 . 5 6 5
20.988
21.990

2 t . 3 t 6
20.985
2 t . 8 7 6

20.955
2t .938
20.93r

2 t .048
20.961
21 .960

21 .058
2 r . 9 2 7

20.998
20.986
22.020

22.031
20.946

22.0r3
20.928

21 .003
2t .006
21 .020
2r .040

2 1  . 7 9 5
21 .800
2 r . 7 9 5
2 r . 7 6 6
21 850
21 .830
2t 899
21.866*
2 1  8 0 1 *
21.797*
21 .808
27.7714
21.791*

41.583 50 .900x
42.206 51 .435

42.231 51 504
41 546 50.838

41.739 50 .964
41 .590 50.796
42 215 51 .411

4r.618 50 863
4r .571 50 .773
42 076 51.260

41.653 50 .670
42.237 5r .230
41.659 50.678

41.690 50.690
41.686 50 .651
42.255 5r .226

41.743 50.625
42.216 51 .047

41 792 50.583
4r .766 50 .585
4 2 . 4 8 2  5 1 . 1 5 9

42.282 51.392
4r .610 50 .772

42.360 51 303
41.726 50 657

4r .797 50 .512
41.803 50 .546
41.800 50 .543
41.803 50 .560

41 947 51 197
41.938 5r.240
4 1 . 9 5 5  5 r . 2 1 2
41.955 51 .218
41.900 51 .270
42.O00 .51 .280
42.030 51 .304
42.019* St.290*
41 972+ 51.217+
41.938x  51  233*
41 .947 51 .16 .5
41.880*  51 .179+
41.936+ 51 .185x

96
96
94.2
93 .3

Anb Otherh
4 . 9AHR 48c

AHR 35C
AHR 50"
AHR 42C
BTB 8
FR-1"
#rd
#2
#s
#4
#s
#6
#7
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Tl-rl-n 3-(continued.)

97

Feldspar Series
Bulk Composition

(wt. 7; Or) (201)
Observed 20 (CuKar)'

(060) (204)

#8
#e
#r0
#r1
#r2
#r3
#r4
# rJ

2 2 . 5
2 3 . 0
2 3 . 2
2 3 3
2 4 . O
J l .  /

3 2 . 5
3 3 0

7 2 . O  4  4
69.3  7  .4
7 5 . 2  |  2
7 3 . 8  1 . 5
6 5 . 9  1 0 . 1
6 6 . 3  1 . 8
6 1 . 4  6 . 1
6 6 . 8  0 . 2

1 . 1
0 . 3
0 . 4
1 . 3

0 . 2

21.736*
21.776*
2 t .741+
a 1  1 A a *

2t .696*
21.677*
21.694+
21.654x

4t  913*  51 .191*
41.923* 51.227*
41.898x  5 t  7174
41.871*  51 .125*
41.84 t8*  51 .082*
41.753*  51 .018*
41 830* 51.073*
4 l .742*  51 .018x

" Where 20 was not measured the value calculated from the refinement is given and
starred,  e.g. ,  51.068*.

I' Analvses of soecimens.
" Stewirt. unoub.
d Carmichael and Mackenzie (1964, Table II).

Composition of normal feldspars may be obtained from Figure 4 or the
equations of Table 4 once structural state is established.

4. For anomalous feldspars the 'apparent' structural state may be

derived in the same way as for normal feldspars. It is yet to be established
to what extent this will depart from the true structural state (see discus-

sionjn Part I (p. 71). Composition camnot be obtained from the 20 value
for 20t. However, the appendix tables may be used to derive starting
parameters for a cell refinement from which cell volume may be used to

estimate composition (Part I, p. 71).
Three samples of alkali feldspar, previously named and described in

Tesr-r 4. EquatroNs Rrrl.rrNc 20 (201) (r) eNn Or Con:rBrr (t) ron Courr,n:rt
Snnms on'Ar-r,r.r-r Frrospens ol CoNsrexr Srnucrutnr,

Sram, Wnnrr t:m!c+b

Feldspar series

No. of Standard

Observa- error Reference

tions ol f

High sanidine-
high albite

-92.r8 +2030.05 29

t2

1 1

P50-56KF -87 .69 +r9s0.77
(Orthoclase)

Maximum microcline- -92.19 +2031 .71
low albite

(3-0.91) Orville (1967)

1.37 Wright and
(3-1.13) Stewart (1968)

2.n Orville (1967)
(2-1.08)

' Where the best fit is not linear the degree and standard error of the best fit polynomial

are given in parenthesis, e.g. (24.0042) indicates the best fit is a quadratic for which the

standard error of y. is 0.0042
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Part I (Table 9 and discussion following) are also used here as examples
of the method. The 2d values 1or201 ,060, and 204 are as follows:

Specimen 20(20r) 20(0ffi) 20(204)

t/

z

21 .180
2r.026
20.94A

4t .610
41 .74r
41 891

50 .840
50.675
. ) t ,  -  /  / . )

These feldspars can be described as follows:

1. Specimen X is a sanidine having a structural state between that of
high sanidine and Puye equivalents. composition estimated from 201
is Orzo.

2. Specimen Y is slightly anomalous and has an approximate struc-
tural state intermediate to equivalents of SII-1070 and Spencer B.

3. Specimen Z is highly anomalous; 201 (derived from Fig. 3)-t0I
(observed):O.6" 20. Apparent structural stal-e is close to that of Spencer
B. Composition cannot be estimated.

Tasln 6. EeuerroNs Rlr,errxc Crr,r, DmBNsroNs ro Oesnnvro 20 Vc,uns ol.
Srr.rorn Drlnnecrrol,r Prers ron pornssrulr-Rrcn Ar,xer,r Fcr,ospans

Variables Equation, y:mr.lb No. of Standard
Observa- error

tions ol !"

Type of Feldspar

Monoclinic 20(2Ot)
20(0ffi)
20(204)

Maximummicrocline 20(201)

20(0ffi)
20(204)

- .4389 -tt7 .799
- .2908 +25.trt
- .1278 +13.678

-.2790 +14.4n

- .2687 +24.195
- .1196 +13.262

a

o

40
n
39

.0039

.0022

.0011

.0048
(2-.0046)

.0014

.0011

10

b
c

7
10

20(20r) a

Intermediate microcline 21.053 8.5644
21.045 8 .5638
2 1 . O 2 5  8 . 5 7 7 0
20.998 8.5784

20(060)

4r.745
4r.718
4 t .788
41 .792

b 2o(2o4)

12.9705 50 .615
12.9793 50 .688
12.9628 50.778
12.9569 50 .583

c 20(131)-
20(r3r)

7.2077 0.293
7.1993 0.2r5
7 1897 0.105
7.2128 0.240

, See footnote, Table 5.
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These descriptions do not differ significantly from those given in Part I
(p. 71) using the axial cell dimensions a, b, and c.

The 'three-peak' method outlined is sufficient, so far as is known, to
enable the identification and description of alkali feldspars encountered
routinely in petrologic studies. In studies aimed specifically at identifying
variations in the properties of a related group of alkali feldspars it is de-
sirable to compute the unit-cell dimensions more precisely from fully
measured X-ray diffraction patterns. For this purpose, the equations
given in Tables 5-7 may be used to yield starting parameters for a cell
refinement.

The standard errors associated with o, b, and. c for the equatiois relat-
ing reflection-position to axial dimension are very close to the average

Talra 7. EeuarroNs RnlauNc Cnr.r DrurNsroNs ro CnrculArsn 2d Var-ups
ol SrNor-r Drlnec:rroN Pnaxs ron Nlrunar. Aronrnocr-asus

Variables Equation, !:m*lb No. of Standard
Observa- error

tions of t

a

b
c

+17.058
+22 .622
+r2 .567

standard error associated with the respective dimensions computed in a
complete refinement of the unit cell; i.e. 1 part in 2500 for a, I part in
6000 for D, and 1 part in 6000 for c. This is not to say that the'three-
peak' method is a substitute for a good computer refinement, but does
indicate that in most cases the determination of the composition and
structural state of a feldspar and identification of whether or not a feld-
spar is anomalous using the 'three-peak' method will agree with that
obtained from the methods given in Part I using the cell parameters. In
natural suites of alkali feldspars studied by the author (Wright and
Stewart, unpublished data) there are no significant differences in inter-
pretation using the two methods.

Acrxowr,rnounxrs

I am greatly indebted to my colleague D. B. Stewart for help in refining the unit-cell
dimensions of the alkali feldspars and for help in computing the equations relating reflection
-position to unit-cell dimension. Stewart also critically read and materially improved an
eariy version of this manuscript. James Papike, Joan Clark, and R. I. Tilling of the Geologi-
cal Suwey suggested a number of changes which have been incorporated into the final
manuscriot.

20(20r)
20(0ffi)
20(204)

- .4046
- .2311
- .1060

2 l
2 l
2 l

.0008

.0010

.0005
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AppBNorx: EguarroNs RBlerrNc CBrr DruBNSroN AND OssBnvnp 20
Varups ron SrNcrr DrprnncrroN Ppers

Alkali feldspar series of conslanl structural state. Equations relating 2d
values (CuKar measured according to the procedure described in Part I,
Appendix) to axial dimension are given in Table 5 for three complete
series of alkali feldspars described previously (Wright and Stewart,
1968; Orville, t967). For each series the 20 value and computed axial
dimension are related in two linear segments intersecting at a composi-
tion of O&oAboo. In the series structurally equivalent to high sanidine
and to P50-56F orthoclase this intersection is coincident with the com-
position at which the symmetry changes from monoclinic to triclinic. An
intersection at the same composition was found for the maximum micro-
cline-low albite series although all members of this series are triclinic.l
Thus in each series the data for compositions more potassic than Orro
were treated separately from data for compositions more sodic than
Ora6. For each set of data consisting of more than 5 points, 3rd, 2nd, and
1st degree polynomials were computed using a least-squares program. If
the data set contained 5 or less points only a linear fit was computed; in
larger data sets the difierences in standard error for higher order equa-
tions were so small that a linear relationship was assumed. These equa-
tions can be used to obtain starting parameters for refinement of the cell
dimensions of any homogeneous alkali feldspar of essentially binary com-
position (OrfAb>95/),blut, for reasons given below, are not applic-
able either to alkali feldspar phases in perthites or to alkali feldspars of
ternary composition.

Natural potassi.um-rich alkali Jeld.spars. Equations relating observed 2d
value to axial dimension were computed from data for 40 monoclinic
potassium-rich alkali feldspars, and 10 maximum microclines. These
equations are listed in Table 6 along with 2d's and axial dimensions for
4 intermediate microclines. The data used to derive those equations are
mostly obtained from refinement of the cell dimensions of perthitic
orthoclases. Plots of 20 values against cell dimension for perthitic ortho-
clases were made and it was found that additional potassium-rich alkali
feldspars, including one cryptoperthitic high sanidine, three feldspars
with anomalous cell dimensions, possibly low sanidine, and four homog-
eneous potassic feldspars (Orno), fit the lines constructed for perthitic
orthoclases. Taken together, the natural monoclinic potassium-rich

1 A change of slope was previously suggested by examination of the variation of cell
dimensions with Or content across the maximum microclinelow albite series. (See Part l).
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feldspars show a very limited range for a (8.48-8.62 A) Uut have wide
variations in 6 and c which can be related to the structural state and
whether or not the cell dimensions are anomalous. The natural mono-
clinic feldspars are thus distinguished from the feldspars of the synthetic
high-sanidine series and alkali-exchanged orthoclase series for which a,
6, and c all vary together with changing composition. The equations of
Table 6 must be used to derive starting cell parameters for perthitic
potassium-rich feldspars. The starting parameters for homogeneous
monoclinic potassium-rich feldspars may be derived either from the
equations of Table 6 or, if the structural state is known to be orthoclase
or high sanidine, the appropriate equations of Table 1.

Although separate equations have been computed in Table 6 for
monoclinic potassium-rich feldspars and for maximum microclines, only
the equation relating 20 (060) to D differs significantly between the two
sets of data. Starting parameters for intermediate microclines must be
obtained by interpolation of the values given from the equations for
monoclinic potassium-rich feldspars and for maximum microclines.

l{atural sod.ium-rich and ternary fel,d.spars. The unit-cell dimensions of
anorthoclases described by Carmichael and Mackenzie (1964) have been
used to calculate 2d values Ior 201,060, and 204. The unit-cell dimensions
of six anorthoclases refined by D. B. Stewart (unpub. data) have been
included with these and equations relating the calculatedl reflection
positions and cell dimensions of the anorthoclases are given in TableT.
On the assumption that all natural anorthoclases are comparable to
those studied by Carmichael and Mackenzie (1964) and by Stewart the
starting parameters for refinement of natural anorthoclases are best de-
rived from the equations of Table 7.
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