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ABSTRACT

Reedmergnerite, NaBSi;Os, which is isostructural with low albite, NaAlSi;Os, is triclinic
CT, a=7.83340.001, b=12.360+0.002, ¢=6.803+0.001 A «=93°18.5+0.7"; 8=116°,
21.17£0.5, y=92°03.3'+0.8', cell volume 587.77+0.05 A3, cell contents 4(NaBSi;Os),
density (calc.) 2.779 g/cm3, (obs.) 2.7764+0.010. Least-squares refinement has been carried
out for three-dimensional data, collected by film methods, with intensities estimated
partly by photometer and partly visually. The R-factor is 0.109 for 2997 structure factors
observed greater than zero. The structure is wholly ordered, with the boron in site 7(0).
The average Si-O distances in reedmergnerite are, 71 (m) 1.610, T5(0) 1.614, To(m) 1.622 A,
and the individual distances correlate closely with the corresponding ones in low albite
(Ribbe et al., 1952). Smith’s curve, modified by Smith and Bailey (1963), for determina-
tion of Al-content from average 7-O distance has an error appreaching + 89, rather than
the 459, proposed by Smith and Bailey. The results for reedmergnerite, compared with
those for low albite, maximum microcline (Brown and Bailey, 1964), and anorthite (Megaw
et al., 1962), suggest that Al-O tetrahedra deviate from regularity more than either B-O
or Si-O tetrahedra. The sodium cation in reedmergnerite has an isotropic temperature
factor of 1.22+0.03 A2 and, in contrast to the sedium cation in low albite, exhibits no
apparent anisotropy.

INTRODUCTION

The mineral reedmergnerite was found to be isostructural with low
albite (Milton ef al. 1954) at about the same time that the first informa-
tion became available on the two-dimensional refinement of the low
albite structure by Ferguson et a/. (1954). A unique opportunity ap-
peared to have been provided by Nature to obtain additional informa-
tion about the feldspar structure type through study of reedmergnerite,
so we began collection of single-crystal, three-dimensional, x-ray diffrac-
tion data for this new mineral.

The final report on the two-dimensional refinement of low albite by
Ferguson et al. appeared in 1958, and included two principal points of
interest: (1) the marked anisotropy found for the sodium cation; (2) the
high degree of ordering indicated for Si and Al atoms in the tetrahedral
sites. With respect to the latter, Ferguson et al. (1958) used their evalu-
ation of electrostatic charge balance in the structure, together with the
relationship proposed by Smith (1954) between mean Si-O distance and
Si/Al site occupancy, as evidence for the following tetrahedral site Al-

! Studies of silicate minerals (I). Publication authorized by the Director, U. S. Geo-
logical Survey.
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occupancy factors: 71(0), 0.72; T1(m), 0; T(0), 0.20; T(m}, 0.09. Pre-
liminary results of a partial refinement of the reedmergnerite data (Clark
and Appleman, 1960) showed that these same charge balance considera-
tions could not be applied in a meaningful way to the reedmergnerite
structure, and that Smith’s relationship required revision. We therefore
suggested that such considerations should be regarded cautiously in
drawing conclusions about Si/Al ordering in the feldspar structure.

Refinement of three-dimensional data for the low albite structure has
now been completed, but as of this writing only a preliminary note by
Ribbe et al. (1962) has appeared. The anisotropy of the sodium cation is
confirmed, and an ordered Si/Al distribution in the tetrahedral sites is in-
dicated. Further details are as yet unavailable. Meanwhile, our refine-
ment of the reedmergnerite data has been completed, and the present
paper records our results and conclusions. We have used the coordinates
for low albite given by Ribbe e al. (1962) to calculate distances and
angles in order to compare some details of the two structures.

EXPERIMENTAL WORK

Synthesis, crystallography and X-ray diffraction powder data. The syn-
thesis of reedmergnerite and temperatures for its incongruent melting to
quartz and glass have been described by Eugster and McIver (1959). The
synthetic crystals, made available to us by Prof. H. P. Eugster of The
Johns Hopkins University, are tiny and invariably twinned, so they were
not used in the structure study. A detailed comparison of x-ray powder
diffraction patterns of synthetic reedmergnerite with those of natural
reedmergnerite reveals no significant differences in line positions or in-
tensities. The synthetic material appears to be identical with the natural
crystals. Some experiments on heating natural reedmergnerite crystals
were carried out by B. J. Skinner of the U. S. Geological Survey, who
found that incongruent melting, dry, occurs at 831°+4° C. with the prod-
ucts quartz, glass and tridymite. No change was observed in the natural
crystals after dry heating up to 816° C. for as long as 40 hours (B. J.
Skinner, written comm., 1961). Apparently there is no readily obtainable
high-temperature form of reedmergnerite, comparable to high-temper-
ature albite.

For the structural study, natural prismatic crystals of dimensions ap-
proximately 0.5X0.4X0.3 mm were used. These crystals originated in
brown, dolomitic shales of the Green River Formation in Duchesne
County, Utah, U.S.A., and were supplied by Charles Milton of the U. S.
Geological Survey. Optical, chemical, and morphological data for reed-
mergnerite are given by Milton et al. (1960). Revised cell constants for
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TaBLE 1. CRYSTALLOGRAPHIC DATA FOR THE TRICLINIC, ISOSTRUCTURAL MINERALS
REEDMERGNERITE, NaBS1505, AND Low ALBITE, NAALSI;0s

Direct-cell elements

Reedmergnerite
Duchesne County,
Utah Present study

Low albite!
Ramona, Calif.

Ferguson et al. (1958)

@ 7.833+£0.001 A 8.138 A

b 12.360+0.002 12.789

¢ 6.80340.001 7.156

o 93°18.5'+0.7 94° 20’

8 116°21.1'+0.5 116° 34/

v 92°03.3/+0.8’ 87° 39’

abic 0.6337:1:0.5504 [0.6363:1:0.5595]

Volume 587.77:+0.05 A3 664.2 A3

Z 4(NaBSi;0s) 4(NaAlSi;Og)

Space group T 1

Density (calc.) 2.779 g/cm? 2.623 g/cm?
(obs.) 2.776+0.010 2.621

Reciprocal-cell elements

a* 0.14281+0.00002 A [0.1374 A-1]
b* 0.08124+0.00001 [0.07842]
* 0.16460+0.00001 [0.1566]
o 85°17.0°'+0.6’ 86°20"4-2'
g* 63°27.0+0.5' 63°32'+2/
¥ 86°3.6'4+0.7’ 90°28' 42/
Direct mairix (R)
for conversion of 7.019 —0.848 0 7.279 0.103 0
triclinic cell ele- 0 12.310 0 0 12.752 0
ments to Carte- | —3.477 —0.713 6.803! —3.640 —0.966 7.156

sian coordinates
(Evans, 1948)

! Values enclosed in square brackets and the direct matrix have been calculated by

present authors from the data of Ferguson et al. (1958).

reedmergnerite (Table 1) were obtained during the present study from a
least-squares program (Evans, Appleman and Handwerker, 1963) for a
digital computer. The program refined measurements made by T. L.
Wright of the U. S. Geological Survey, from an x-ray diffractometer
powder pattern for unambiguously indexed d-spacings. The revised
direct-cell and reciprocal-cell elements for reedmergnerite are compared
in Table 1 with those given for low albite by Ferguson, Traill and Taylor
(1958). The C1 space group commonly used for albite has been adopted
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for reedmergnerite throughout the present study. The x-ray diffraction
powder data for reedmergnerite, indexed on the C1 cell, are presented in

Table 2.

The observed density of reedmergnerite crystals was reported by Mil-
ton el al. (1960) to be 2.69 g/cm? whereas the calculated x-ray density
(Table 1) is 2.779 g/cm®. In the present study, when the density of a sam-
ple of cloudy to opaque crystals was determined on a Berman balance,
the 2.69 g/cm? value was also found. However, when a sample of about 8
mg of selected transparent crystals was used for the determination, an
observed density of 2.77; g/cm?® was found, in good agreement with the

TaBLE 2. X-RAY D1rrrACTION POWDER DATA FOR REEDMERGNERITE, NaBSi;Og

Triclinic, CT: a=7.833+0.001, b=12.360+0.002, ¢=6.803+£0.001 A,
@=93°18.5'+0.7, $=116°21.1" £0.5’, v=92°3.3'+0.8’

Calculated!

hki

110
020
001

002
220
131
041
022
222
222
132

Measured!

dg (A) dpzy (A) Peak Heights
6.274 6.270 10
6.155 6.143 15
6.075 6.076 50
5.914

5.550 5.551 20
5.449

4.513

4.156

3.874 3.876 65
3.745 3.745 30
3.651 3.654 35
3.560 3.561 90
3.501

;:iég} 3.448 15
3.377

3.323 3.322 15
3.314

3.244

3.225 3,225 85
3.137 3.140 25
i g;;} 3.076 90
3.038 3.037 100
2 957 2.957 45
2 930 2.931 15
2 841 2.841 55
2 817 2.818 35
2.775 2.776 5
2,725

2.695

1 All calculated dpg are listed for d>2.300 A; for d <2 300 A only those indexing observed lines are given.

2 Diffractometer pattern made by T. L. Wright with Ni-filtered Cu radiation, CuKai, A =1.5405 1S
Internal standard, CaF: (2 =5.4622 A).
3 Estimated above average background.
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TABLE 2—(continued)

Calculated! Measured?
hkl dyg (R) dui (A) Peak Heights
131 2.680 2.680 45
041 2.659
022 2.639
201 2.576
311 2.568
132 2.544 2.543 5
311 2.525
221 2.452 2.452 10
241 2.438 2.438 10
112 2.415 2.415 20
312 2.411
312 2.403
240 2.394
2431 2,382 2.382 15
150 2.374
112 2.335
310 2.323
221 2.307 2.307 5
151 2.304
240 2.236 2.238 15
113 2.221 2.221 20
113 2.168 2.169 10
241 2.064 2.064 15
060 2.052 -
15 2_051} 2.033 10
003 2.025 2.025 15
313 2.013 2.013 10
132 2.007 2.008 5

plus others, all 30 or less

calculated value. The presence of air-containing inclusions and other im-
perfections in the cloudy and opaque crystals probably explains observa-
tion of the lower value when a bulk sample is used.

Intensity data. Single-crystal x-ray diffraction data were collected by
integrated multiple-film techniques with the Nonius equi-inclination
Weissenberg goniometer using chiefly Zr-filtered Mo radiation. A few
low-angle reflections were recorded using Ni-filtered Cu radiation. The
hnl levels from #=0 through n=38 were photographed, two goniometer
settings being required for each upper level in order to cover the full 360°
range. The 4k0 and Okl nets were also recorded. For the Mo photographs,
three films interleaved with 0.0005 in. Ni foil were used for each expo-
sure, and for each goniometer setting, two sets of films were recorded, one
set for 2520 traverses of the camera, and one set for 140 traverses of the
camera. These numbers of traverses correspond to exposure times of ap-
proximately 72 hours and 4 hours, respectively, at 50 kV and 20 ma.
Film transmissions for the diffraction spots were read on a transmission
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photometer for the levels having =0, 1,2, 3, 7, and 8. Intensities for the
levels having =4, 5, and 6, and for %40 and 0kl levels were estimated
visually by comparison with a standard spot strip of intensities. The
photometer readings of transmission T were converted to densities D ac-
cording to the relationship D=colog T'. Corrections were then made for
Lorentz and polarization factors to obtain the observed structure ampli-
tudes. No correction was made for absorption effects, which are rela-
tively minor for the Mo radiation used. The final number of non-equiv-
alent data available for least-squares refinement was 4399 hkl, of which
2997 had | F,| >0.

Refinement procedures. Initial atomic parameters, taken from the low
albite structure (Ferguson ef al., 1958), were refined at first by successive
electron-density projections taken on planes normal to the a, 4, and ¢
axes. The various possibilities for the location of boron in one or more of
the tetrahedral sites were examined by appropriate structure-factor cal-
culations. The boron appeared to be wholly ordered in site 71(0) and was
held in this site throughout the least-squares refinement. The final re-
sults fully confirm this assignment.

When the three-dimensional data became available, least-squares
analysis was carried out using the full matrix of the normal equations ac-
cording to a program written for the Burroughs 220 digital computer by
J. Marshek of the U. S. Geological Survey, and one of us (D.E.A.). Thir-
teen cycles of refinement were made with about 2750 &kl reflections
taken from all levels except those with k=4, 5, and 6. The refinement and
weighting procedures used are the same as those described in Clark et al.
(1964). The scattering factors during this portion of the refinement were
as follows: zero-valence values for sodium and oxygen, and quadruply
ionized values for silicon (Berghuis et al., 1955); zero-valence values for
boron (Ibers, 1957). An unweighted R-factor of 0.11 was obtained at the
end of the thirteen cycles of refinement for those terms with [Fo|>0.

At this stage of the refinement, the data for the %4, 451, and %61 levels
became available and were added to the previous data. Three least-
squares cycles with the entire set of 4399 data were carried out, and in-
dividual isotropic temperature factors were refined. Scale factors were re-
fined for each level. The same scattering factors as in the earlier refine-
ment were used for oxygen and boron. Changes were made for sodium to
singly ionized values and for silicon to triply ionized values, both from
Table 3.31A, Int. Tables, Vol. IIT (1962). The R-factor increased to 0.17
when the additional data were added, but after the last three cycles of re-
finement R returned to 0.109 for the 2997 terms with |Fo|>0. The
standard error in the observed structure factors is 3.12.
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TABLE 3. AtoMiC PARAMETERS COMPARED FOR REEDMERGNERITE,
NaBSi;0s, anD Low ALBITE, NaAlSi;Og
Low albite, NaAlSi;Os; Ribbe,
Ferguson and Taylor (1962) |
Parameter {(cycles) | Parameter (cycles) ‘ .

| . ———————— B(A%)
| x v ‘ £ X ¥ E ‘
== ; |
0a(1) | 0.0057 0.1307 0.9669 || 0.0076 | 0.1364 1.0040 0.56
04(2) | 0.5923 0.9972 2801 0.5929 0.9812 0.2758 0.55
Os(0) | 0.8124 0.1102 1904 0.8455 ‘ 0.0995 0.2126 0.70

| Reedmergnerite, NaBSi;Os
Present study?

Atom?®

0.
0.
Os(m)| 0.8205 0.8517 0.2585 0.8163 0.8347 0.2335 0.71
Oc(0) 0.0140 0.3032 0.2693 ‘ 0.0064 0.2762 0.2725 0.66
Oc(m) | 0.0239 0.6934 0.2292 0.0289 | 0.6799 0.2070 0.74
Op(0) | 0.2068 0.1086 0.3894 0.1900 0.1200 0.3815 0.66

0.

Op(m) | 0.1838 0.8682 4352 0.1922 0.8682 0.4172 0.63
|

T(0) 0.0087 | 0.1695 | 0.2083 0.0127 0.1617 0.2217 0.38
Ti(m) | 0.0044 0.8203 0.2378 ‘ 0.0059 0.8100 0.2097 0.28
T»(0) 0.6919 0.1103 0.3148 0.7029 0.1015 0.3204 0.31
To(m) | 0.6814 ‘ 0.8819 0.3605 | 0.6847 0.8644 0.3547 0.31

Na,(0) | 0.2715 0.9779 0.1613 | 0.2586 1.0075 0.1332 1.22
Na, 0.2651 0.9993 0.1310 |
|

! Type atoms selected by Megaw (1956).

? Final parameters at end of 16 cycles of least-squares refinement; residual 0.109 for
2997 )kl with ]Fof >0. Standard errors as follows: oxygen atoms, x, v, z+0.0004, B+0.03
A2; boron atom in site T;(0), =, v, z£0.0006, B+0.04 A2 silicon atoms, x, ¥, z20.0002,
B+0.01 A% sodium atom, x, v, 2+0.0003, B+0.03 A2,

Alomic parameters, structure factors, and bond distances. The atomic pa-
rameters obtained from the refinement are listed in Table 3, together with
the atomic parameters for low albite obtained after three-dimensional
difference-synthesis refinement by Ribbe, Ferguson and Taylor (1962).
Observed and calculated structure factors for reedmergnerite are given in
Table 4.! At the completion of least-squares refinement, a three-dimen-
sional difference synthesis was computed. Its generally featureless ap-
pearance (maximum values 0.6 ¢/A%) confirms the results of the least-
squares refinement.

! Table 4 has been deposited as Document No. 8618 with the ADI Auxiliary Publica-
tions Project, Photoduplication Service, Library of Congress, Washington 25, D. C. A copy
may be secured by citing the Document number and by remitting $12.50 for photoprints or
$4.25 for 35 mm microfilm. Advance payment is required. Make checks or money orders
payable to: Chief, Photoduplication Service, Library of Congress.
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The bond distances and angles (Tables 5-8) were calculated from the
atomic positions listed in Table 3, using the cell parameters given in
Table 1. The calculations were carried out on the Burroughs 220 digital
computer with programs written by D. S. Handwerker of the U. S. Geo-
logical Survey, and described in Clark et al. (1964). Bond distances and
angles for low albite were calculated from the atomic parameters given

by Ribbe, et al. (1962).
DESCRIPTION OF STRUCTURE
The feldspar crystal structure was established for sanidine by Taylor

(1933) and for low albite by Taylor e/ al. (1934). Since that time a num-

TABLE 5. COMPARISON OF BOND DISTANCES FOR THE TETRAHEDRA OF REEDMERGNERITE
NaBSi;Os, aND Low ALsiTE, NaAlSi;Os

7 T-O Distance (A)

Coordinates of
Tetrahedron!  Oxygen Atom Oxygen Atorm R =
ve Reedmergnerite  Low Albite?

(a) T-O Distances

7,(0000) 04(1000) x, v, 2—1 1.478+0.005 1.751
Og(0000) x—1,y,2 1.470+0.006 1.745

0¢(0000) %Y, % 1.443+0.009 1.730

Op(0000) X0, 8 1.467 £0.006 1.751

Average 1.465 1.744

T1(m000) 04(100¢) #1—1,1—2 1.595£0.004 1.604
Op(m000) x—1, 9,2 1.602+£0.003 1.601

Oc(m000) X, Y, 2 1.624+0.005 1.623

Op(m000) 2,9, 5 1.618+£0.003 1.612

Average 1.610 1.610

T-(0000) 04(2000) x,y—1, 2 1.63440.005 1.635
0Oz(0000) x, ¥, 2 1.585+0.003 1.592

Oc¢(m0:i0) 1/24x, y—1/2, 2 1.62540.0035 1.614

Op(m00c) 1—x, 1—y, 1—2 1.613+£0.003 1.621

Average 1.614 1.616

T5{(m000) 04(2000) X, ¥, 2 1,646+0.005 1.643
Og(m000) X, Y, % 1.620£0.003 1.620

0c(00:0) 1/24x, 1/24y, = 1.606+0.004 1.585

0Op(000c) 1—x,1—y,1—2 1.614+£0.003 1.602

Average 1.622 1.613

1 Site T4(0) occupied by B in reedmergnerite, Al in low albite; all other tetrahedral sites
occupied by Si in both minerals.

2 7.0 distances from Ribbe et al. (1962); 0-O distances calculated by present authors
from atomic coordinates given by Ribbe et al. (1962).
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Oxygen Atom

TABLE 5—/(continued)

Coordinates of
Oxygen Atom

(b) 0-O Distances Within Tetrahedra

T:(0)

T1(m)

T2(0)

T (m)

0a(1)—0g(0)
04(1)—0¢(0)
04(1)—0n(0)
0O5(0)—0¢(0)
0p(0)—0p(0)
Oc(0)—On(0)

04(1)—O0gs(m)
04(1)—0c¢(m)
04(1)—On(m)
Op(m)—O0c(m)
On(m)—On(m)
Oc(m)—On(m)

04(2)—08(0)
04(2)—0c¢(m)
04(2)—0n(m)
Op(0)—0c(m)
0p(0)—On(m)
Oc(m)—On(m)

04(2)—05(m)
04(2)—0c(0)
04(2)—0p(0)
Op(m)—0c(0)
Ogp(m)—O0p(0)
0c(0)—0n(0)

Average

Average

Average

Average

T-O Distance (A)

Reedmergnerite

.338-£0.004
.444+0.006
.345+0.004
.402+0.007
.415+0.004
.401+0.007
391

DN N DB NN

.57940.004
.712+0.007
.58040.004
.631+0.006
.644+0.004
.622+£0.007
.628

NN NN

.619+£0.005
.552+0.007
.620+0.005
.690£0.005
.67240.004
.640+0.004
.632

DN NN NN N

2.653+0.006
2.595+0.007
2.619+0.005
2.637+0.004
2.669+0.004
2.703+0.005
2.046

1835

Low Albite?

2
2
2
2
2
2

2

DD NN NN NN DN NN NN NN

DD BN NN

.729
953
750
.897
.871
.862
549

.603
.687
587
618
.655
.625
.629

.663
565
615
.656
.639
.659
.636

.620
.574
.635
.631
.637
.688
.031

ber of studies of various feldspar structures by members of the Cambridge
school have appeared. Those that are particularly pertinent to the pres-
ent discussion are the two-dimensional refinements of low and high albite
by Ferguson, Traill and Taylor (1958), the three-dimensional refinements
of low albite by Ribbe, et al. (1962), and of maximum microcline by
Brown and Bailey (1964), and the extensive studies of anorthite by
Kempster, ef al. (1962) and Megaw et al. (1962). A review paper on the

structures of the principal feldspars by Taylor (1962) is also valuable.
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Since reedmergnerite is isostructural with low albite, the existing com-
prehensive literature makes discussion of the general structural features
unnecessary. Instead, we will compare structural details between reed-
mergnerite and low albite in particular, extending the comparison to in-
clude other feldspars as warranted. The standard notation of Megaw
(1956) has been used throughout the discussion, in the current form that
designates tetrahedral cation sites impartially as 7. A view of the reed-
mergnerite structure with the type atoms identified is shown in Fig. 1.

I1G. 1. View along ¢ of the reedmergnerite structure with type atoms labelled. The
boron atoms in site T1(0) are shaded, other T sites contain Si. Dashed lines indicate Na-O
bonds.

The T-0 tetrahedra. Comparison of T-O and O-O distances are made in
Table 5 for reedmergnerite and low albite. The O-7-O angles are com-
pared in Table 6. Since reedmergnerite contains no tetrahedrally co-
ordinated cation larger than Si, substitution, were it to occur, would re-
sult in decreasing rather than increasing the observed 7-O distance.
However, not only the average values, but almost all the individual
values, are so nearly alike in the T:(m), T2(0), and Ts(m) sites of both
minerals that there can be little doubt the tetrahedral cation in each site
is Si. The site 7'1(0) is therefore wholly ordered in each mineral, containing
the boron in reedmergnerite and the aluminum in low albite within the
narrow limits of experimental error. An Al-occupancy figure of 0.93 for
site 71(0) of low albite is obtained from Smith’s revised relationship
(Smith and Bailey, 1963) for determination of Al-content from average
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TABLE 6. COMPARISON OF BOND ANGLES FOR THE TETRAHEDRA OF REEDMERGNERITE,
NaBSi;Qs, anp Low ArsiTE, NaAlSi;Og

Angle
Tetrahedron?! Atoms? -—
Reedmergnerite Low Albite?
T1(0) 04(1)—7T—0s(0) 104°56' + 22/ 102°40/
0A(1)—T—0c¢(0) 113°27" £29’ 116°04’
04(1)—T—00p(0) 105°34’ +22/ 103°32/
Og(0)—7T—0c¢(0) 110°57" £22' 112°58’
Op(0)—7T—0p(0) 110°37" £29" 110°24/
0O¢(0)—T—0p(0) 111°03" + 22/ 110°3¢
T\(m) 04(1)—Si—0g(m) 107°34' £ 15 108°37/
04(1)—Si—O0c(m) 114°48' + 17’ 112°43
04(1)—Si—Op(m) 106°50" + 16/ 107°06
Op(m)—Si—0c¢(m) 109°16’ + 18’ 108°35"
Og{m)—Si—0p(m) 110°23’ + 14/ 111°27
Oc(m)—Si—O0p(m) 107°56' + 14’ 108°25’
T5(0) 04(2)—S1—05(0) 108°52' +17’ 111°12/
04(2)—Si—0c¢(m) 103°08" + 13’ 104°19’
04(2)—Si—O0p(m) 107°38' + 14/ 106°53’
0s(0)—Si—Oc(m) 113°52' +17 111°54/
Op(0)—Si—On(m) 113°22' +12' 111°40
Oc(m)—Si—Op(m) 109°18’ + 16’ 110°32’
To(m) 04(2)—Si—O0gs(m) 108°37'+15' 106°51’
04(2)—Si—0c¢(0) 105°53"+ 12/ 10545’
04(2)—Si—0p(0) 106°55' + 16 108°35’
Og(m)—Si—0c(0) 109°40' + 17/ 110°21’
Og(m)—Si—Op(0) 111°16’ +12/ 109°53/
O¢(0)—Si—On(0) 114°10' + 15 115°027

1 Site 74(0) occupied by B in reedmergnerite, Al in low albite; all other tetrahedral sites
occupied by Si in both minerals.

2 Coordinates of atoms as in Table 5 (a).

# Angles calculated by present authors from atomic coordinates given by Ribbe et al.
(1962).

T-O distance. This figure must simply indicate the magnitude of the
errors involved in such estimations. These errors are apparently closer to
489 than to the + 59, (in round figures) proposed by Smith and Bailey
(1963). In maximum microcline (Brown and Bailey, 1964), a 0.94 Al-
occupancy factor for site 7'1(0) obtained from Smith’s revised relationship
was used as partial evidence for deviation from perfect order. Since this
“occupancy factor” is so close to that found for low albite, its merit as
evidence for disorder is doubtful.
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It is noteworthy that the feldspar framework can accommodate to
either the shorter B-O distances (average value, 1.465 A) or the longer
Al-O distances (average value, 1.744 A) without significantly altering the
dimensions of the Si-O tetrahedra. The effects of the substitution appear
to be distributed over the entire cell, principally as changes in 7-O-T
angles. These changes, together with the smaller size of the B-O tetra-
hedra, result in the smaller unit-cell dimensions found for reedmergnerite
(Table 1). The B-O distances, O-B-O angles, and O-O distances in the
borate tetrahedron of reedmergnerite are all in good agreement with
those found for borate tetrahedra in numerous borate structures {e.g., in
the refinement of five calcium borates, Clark ef al., 1964).

The overall average Si-O distance is 1.615 A in reedmergnerite and
1.613 A in low albite. These values confirm the rounded-off value of 1.61
A for the average Si-O distance in framework structures that was pro-
posed by Smith and Bailey (1963). The range of Si-O values is almost
identical for both minerals, i.e. from 1.646+0.005 A to 1.585+0.003 A in
reedmergnerite, and from 1.643 A to 1.585 A in low albite. The same pair
of atoms, T2(m)-04(2), is associated with the longest Si-O distances in
both minerals. Comparison of like individual distances shows that only
one pair, Ts(m)-0c(0), differs by more than 0.012 A, and none of the like
0-5i-0 angles differs by more than 2°20’.

All the tetrahedral cations in reedmergnerite have isotropic temper-
ature factors of about 0.3 A2 (Table 3); differences among the individual
values are not significant. The oxygen atoms have an average isotropic
temperature factor of 0.65 A2 These values are normal for an ordered
structure (Burnham, 1964). Temperature factors are not currently avail-
able from the three-dimensional refinement of the low albite data, but
the average isotropic temperature factors in anorthite (Kempster ef al.,
1962) and in maximum microcline (Brown and Bailey, 1964) are com-
parable to those found for reedmergnerite, i.e. 0.2 to 0.4 A? for the tetra-
hedral cations, and 0.6 to 1.0 A2 for the oxygen atoms.

Environment of Na. In reedmergnerite, Na is coordinated by five oxygen
atoms within a range of 2.38040.004 A to 2.489+0.005 A, the average
distance being 2.426 A (Table 7). Both the range and the average value
are slightly higher than those given for fivefold oxvgen coordination of
Na in Int. Tables, Vol. TIT (1962). In addition to the five close oxygen
atoms, there are two at somewhat longer distances: Oc(m) at 2.808
4+0.005 A and Op(m) at 2.860+0.005 A. Other neighbors are distant by
more than three Angstroms. The closest Na-Na approach is 3.622
40.004 A. Comparison with the Na coordination in low albite is ham-
pered by the extreme anisotropy associated with the Na atom in that
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structure. Coordinates have been assigned by Ribbe ef al. (1962) for two
distinct positions said to be randomly occupied in albite by the Na atom.
The Na-O bond distances for each of these positions are tabulated in
Table 7 (calculated from coordinates given by Ribbe ef al.). The unusual
anisotropy of the Na atom persists in low albite even at —180° C. (Wil-
liams and Megaw, 1964). The O-O distances in the Na coordination
polyhedron are compared for reedmergnerite and low albite in Table 8.
The longest diagonals are 5.275+0.006 A (reedmergnerite), compared to

TaABLE 7. Na-O ENVIRONMENT 1IN REEDMERGNERITE,
NaBSi;0s, aND Low ArLsrre, NaAlSi;Os

Na-O Distance (A)

Coordinates of | Low Albite?

|
Oxygen Atom! l
|

Oxygen Atom ‘ Reedmergnerite |—— |

Nﬂ] Naz
04(1000) x, y+1, 2—1 2.455+0.005 |  2.794 ‘ 2.540
04(100¢) @, 1=y, 1—z 2.489+0.005 | 2.464 2.618
04(2000) X, v, % ‘ 2.397+0.004 2.374 2.385
Or(000¢) 1—x, 1—y, 2 2.410+0.004 2.483 2.437
Oy (m00c) 1—x, 2—y, 2 3.117+0.005 3.630 3.293
0c(00i0) 1/24%,1/24y,z | 3.4524-0.006 2.932 3.088
Oc(m0i0) 1/24x,1/2+y, 5 | 2.808+0.005 3.379 | 3.132
0p(0000) x, 14y, 2.380+0.004 2.454 2.437
Op(m000) %9, % 2.860+0.005 2.840 ‘ 3

.149

! Oxygen atoms coordinating Na(0000) at x, v, z (Table 3).
% Values calculated by present authors from atomic coordinates of Ribbe et al. (1962).

5.736 A (albite), and 5.854+0.006 A (reedmergnerite) compared to
5.593 A (albite). The somewhat smaller overall size of the Na coordina-
tion polyhedron in reedmergnerite (approximately 119 less volume than
in albite) may account for the fixed location of the Na cation in the
boron feldspar.

There are other points of difference betwen the Na coordination in
reedmergnerite and low albite. First, one change occurs in the type
atoms which coordinate the Na cation: Oc(m) at 2.80840.005 A in
reedmergnerite, but Oc(0) at either 2.932 or 3.088 A in low albite. The re-
mainder of the Na coordination polyhedron consists of the same type
atoms in both compounds. Second, there is no evidence from the reed-
mergnerite data for the presence of any anisotropic thermal motion
associated with the Na cation. Its isotropic temperature factor is 1.22
+0.03 A2, a reasonable value, which is comparable to the 1.41+0.03 A2
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TABLE 8. O-O DisTANCES IN THE Na COORDINATION POLYHEDRON OF REEDMERGNERITE
NaBSi;Os, anD or Low ALBITE, NaAlSi;Oy

D. E. APPLEMAN AND J. R. CLARK

Oxygen Atoms!

Distance (A)

Oxygen Atoms!

Reedmergnerite AIl‘li)iV:ez
04 {100¢)-01(0) 2.338+0.004 2.729
04 (1000)-Op(0) 2.3454+0.004 2,750
0a(2)-O¢(m) 2.552+0.007 2.565
04 (100¢)-Op(m) 2.580+ 0,004 2.587
04(2)-0¢(0) 2.595+0.007 2.574
‘Op(0)-Opim) 3.136+0.007 3,138
O (0)-Op(m) 3.2474+0.005 3.440
‘04 (1000)-04 (100¢) 3.3661+0.010 3.422
O¢(m)-Op(0) 3.430+0.004 3.495
0A(2)-0B(0) 3.615+0.004 3.718
04 (1000)-OB(0) 3.63940.006 3.680
‘04 (1000)-O¢ (1) 3.690+0.004 3.863
‘OB (0)-Oc(0) 3.696+0.005 3.406
04 (100¢)-0Op(0) 3.7954£0.006 3.764

04 (100¢)-O¢(0)
04 (2)-On(m)
04(2)-Op(0)
Og(0)-Op(m)
04(1000)-Op(m)
04 (100¢)-04(2)
Og(0)-Oc(m)
Og(0)-On(0)

04 (1000)-04(2)
0¢(0)-Oc¢ (m)
0¢(0)-0Op(0)
Oc(m)-Oplm)
04 (1006)-Oc(m)
04 (1000)-O¢(0)

Reedmergnerite
3.839+0.
3.905+0.
3.960+0.
2064+0.
33540y
370+ 0.
402+0.
632+0.
.6514+0.
03910,
17440,
205+0.
275+0.
85440.

[

Distance ([D&)

Low
Albite?

3.871

363
761
520
643
691
831
772
390
.026
.780
714
736
.593

[T T R N T N N

1 Coordinates as given in Table 7; Na atom coordinated by Oc(0) in low albite, O¢(m) in reedmergnerite.

All other coordinating oxygen atoms are the same in both structures.
2 Values calculated by present authors from atomic coordinates given by Ribbe et al. (1962).

TaBLE 9. COMPARISON OF DISTANCES FOR THE FOUR-MEMBERED RINGS OF

REEDMERGNERITE, NaBSis0s, ANp Low AreiTE, NaAlSi;Os

(a) Ring 1 (Fig. 2)

Coordinates Atom Coordinates

Atom
T1(0000) %, ¥, 3 T1(004c) 1/2—x,1/2—y, 1—2
Op(0000) x, Y, 2 Op(00ic) 1/2—x,1/2—y, 1—3
T2(m00c¢) 1—x, 1=y, 1—2 Ta(m0i0) x—1/2,y—1/2, 2
Oc(00ic) 1/2—x,1/2—y, 1—3 O (0000) %, ¥, 8

Distance! (A) Angle
Atoms Atpms
Reedmergnerite Ah?:;ﬂ Reedmergnerite AIl‘t()Ji‘tJe‘-'

T1(0)-Op(0) 1.467+0.006 il T5EL, T1(0)-On(0)-T2(m) 135°221 207 133°57°
Op(0)-T2(m) 1.614+0.003 1.602 Op(0)-T2(m)-0c(0) 114°10" £ 15/ 115°02
Ta(m)-Oc(0) 1.60640.004 1.585 Ta(m)-0c(0)-71(0) 124°56’+ 16" 130°04/
Oc(0)-T1(0) 1.44540.009 1.730 O (0)-T1(0)-Op(0) 111°03/ £ 22" 110°3¢6’
T2 (0000)-T2(m00c) 2,850+ 0.004 3.086
T1(0000)-T2(m0:0) 2.706+0.007 3.006
T1(0000)-T1(00ic) 4,346+ 0.009 4.668
T2(m00c)-T2(m070) 3.465+0.004 3.915
0O¢(0000)-0g(00ic) 3.806+0.006 4.030
Op(0000)-Op(00ic) 3.413+0.010 3.798

1 7-0 and O-O distances not listed here are given in Table 5.
2 Values calculated by present authors from atomic coordinates given by Ribbe et al. (1962).
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TABLE 9—(continued)

(b) Ring 2 (Fig. 2)

1841

Coordinates Atom Coordinates
Atom
T1(m000) z, 9y, T1(m0ic) 1/2—x,3/2—y, 1—2
On(m000} A RS On(mdic) 1/2—x,3/2—y, 1—2
T(000¢) -2, 1—y, 1=z T2(00:0) x—1/2,1/24y, 2
O¢(m0ic) 1/2—x,3/2—y, 1—z Q¢ (m000) X8, 2
Distance (&) Angle
Atoms e ] Low Atoms - - Low
eedmergnerite Albite? eedmergnerite Albite?
T1(m)-Op(m) 1.618+0.003 1.612 T1(m)-Op{m)-T2(0) 146°20' £ 13/ 151°22¢
On{m)-T2(0} 1.613+0.003 1.621 Op(m)-T2(0)-O¢(m) 109°18’+ 16/ 110°32/
T2(0)-O¢(m) 1.625+£0.005 1.614 T2(0)-O¢ (m)-T1(m) 3SRSBIERRI! 135°34/
Oc(m)-T1{m) 1.624+0.005 1.623 Oc@m)-T1(m)-Op(m) 107°56’+ 14/ 108°25/
T1(m000)-T2(000¢) 3.09240.002 3.134
T1(m000)-72(00:0) 3.011+£0.003 2.997
T1(m000}-T1(m0zc) 4.483+0.002 4.506
T2(000¢)-7%(00£0) 4.1421+0.003 4.158
O¢(m000)-O¢ (m0ic) 4.1724+0.006 4,182
Op (m000)-Op(m0ic) 3.208+0.010 3.229
() Ring 3 (Fig. 4) Coordinates Atom Coordinates
Atom
T1(m0i0) /242, y—1/2, 5 T1(00ic) 1/2—x, 1/2—y, 1—2z
Og (m0:0) *—1/2, y—1/2, 5 Og(00ic) 3/2—x, 1/2—y, 1—2
T2(m010) x—1/2,y—1/2, 2 T2(002¢) 3/2—x,1/2—y, 1=z
Op(00ic) 1/2—x,1/2—v, 1—2 Op(m0i0) 1/242x, yv—1/2, =
Distancet (A) Angle
Atoms - Atoms
. Low . Low
Reedmergnerite Albite? Reedmergnerite Albite?
T1(m)-Talm) 3.163+0.002 3.177 T1(m)-Op(m)-Tz(m) 158°05’+ 127 161°00°
T1(m)-T1(0) 3.9314£0.004 4.005 OB (m)-T2(m)-Op(0) 111°16"+ 127 109°53"
T1(m)-T=2(0) 3.0921+0.002 3.134 T2(m)-0Op(0)-T1(0) 135°22" + 20/ 133°57
Ta(m)-T1(0) 2.850+0.004 3.086 Op(0)-T:(0)-Op(0) 110°37'+ 297 110°24/
Ta(m)-T2(0) 4.290%+0.002 4.564 71(0)-0B (0)-72(0) 140°28'+ 23" 139°31’
T1(0)-T2(0) 2,87540.004 3.131 Og(0)-T2(0)-Op(m) 113°22'+ 12/ 111°40*
Og(m)-0OB(0) 3.537+0.004 3.742 T2(0)-On(m)-T1(m) 146°20"+ 13’ 151°22*
Op(0)-On(m) 3.809+0.004 3.899 Op(m)-T1(m)-Op(m) 110°23' + 14/ 111°27

isotropic value found for the K cation in maximum microcline (Brown
and Bailey, 1964). The final three-dimensional difference synthesis for
reedmergnerite shows no pronounced peaks or troughs in the vicinity of
the Na location. This result suggests that the observed anisotropy in low
albite is due to a space-average effect, rather than a time-average effect,
and that the Na cation in fact occupies only one of the distinct positions
in any one cell. Both possibilities have been discussed by Ferguson et al.
(1958). The question has been raised by Williams and Megaw (1964) as
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to whether the “half-atom” splitting of the Na atoms in low albite is due
to “statistical occupation of two sites or to an ordered alteration within
small domains.” The difference between these two models does not
appear to be significant, since the domain size is too small to affect the
diffraction patterns.

FELDSPAR STRUCTURAL FEATURES

The framework of linked letrahedra. The concept of the feldspar structure
as a (Si, Al)-O framework constructed from elastic “building elements”
was introduced by Megaw et al. (1962) in their discussion of the anorthite
structure. The authors point out that rigid, regular tetrahedra probably

TaBLE 10. COMPARISON OF BOND DISTANCES AND ANGLES ASSOCIATED WITH THE
04 OXYGEN ATOMS IN REEDMERGNERITE, NaBSi;Os, AND Low ALBITE, NaAlSi;Og

Distance (A) Angle
Atoms o . Atoms o i
Reedmergnerite Los Reedmergnerite L

Albitet Albite?
0a(1)-T1(0) 1.478+£0.005 g5l T1(0)-04(1)-T1(m) 143°05" + 29/ 140°37/
04 (1)-T1(m) 1.595+0.004  1.604 T2(0)-04(2)-T2(m) 128°40" £ 10 130°11”
Oa(2)-T=(0) 1.634+0.004 1.635
04 (2)-T2(m) 1.64640.003 1.643
T1(0)-T1(m) 2.915+0.004 3.159
T2(0)-T2{m) 2.956+0.003 2.973

1 Values calculated by present authors from atomic coordinates given by Ribbe et al. (1962).

could not be linked together to produce the feldspar framework, so some
flexibility must be associated with the “building elements.” The devia-
tions from regularity are called strains by Megaw et al. and are tabulated
in their Table 10 for like oxygen atoms in seven different feldspar struc-
tures. The remarkable similarities in magnitude and direction of the
deviations from regularity in all the structures are conclusively demon-
strated and lend support to the idea that the deviations are inherent in
the structure of the framework.

We have made similar calculations for reedmergnerite and for the new
values of low albite (Ribbe et al., 1962), and the results for the silicate
tetrahedra in these two structures are compared with those for maximum
microcline (Brown and Bailey, 1964) and anorthite in Table 11. The
maximum deviations are approximately +0.1 A for the O-O tetrahedral
edges and approximately +6° for the O-Si-O angles. The limits of flexi-
bility thus appear to be well defined. In all four structures the largest
deviations, both greater and smaller than the values for regular tetra-
hedra, are associated with a combination of type A and C oxygen atoms.

A comparison of the deviations from regularity of the various 7:1(0)
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TaBLE 11. CoMPARISON OF DEVIATIONS FROM REGULARITY OF O-O TETRAHEDRON EDGES
AND O-5i-O BoND ANGLES IN Si-O TETRAHEDRA OF REEDMERGNERITE,
NaBSi;05, Low ALBITE, NaAlSi;Os, MAXIMUM MICROCLINE,

KAISi;Os, aND ANORTHITE, CaALSi;Os

|
Difference of 0-O Edge | Difterence of 0-Si-O Angles

from Ideal Valuet | from Ideal Tetrahedral Angle!
(2.640 A) | (109°28')
| | S - R
Oxygen Reed- /Maximum| | Reed- Maximum
Atoms Tetra- | mergner- 0% Micro- An'or— mergnet- I‘O‘,N Micro- An'or-
of hedron ite Albite cline thite ‘ ite Albite cline thite
Edge — |
Brown I Brown
Ribbe Megaw Ribbe Megaw
Present and Present and
stdy | % | Bailey | %% || stady | %% | Bailey | %
2 1962
(1962) (1964) (1962) || (1962) (1964) ( )
AB Tim) | —0.061 | —0.037 | —0.049 | —0.008 || =150 | —oss1 | —1o210 | —6m1w
T(0) | —0.021 | 40.023 | —0.002 | —0.029 | —0%36" | H1°447 | 42010 | —1o54
Ta(m) | 40,013 | —0.020 | —0.034 | +0.019 || —osst’ ‘ —2°37" | —3"0 | +1°18
_ L — | e | S ——— —
AC Titm) | 40.072 | +0.047 | 40.040 | 40.086 || +5°20' | +3°15" | +3°43° | +4°30"
T5(0) —0.088 | —0.075 —0.084 —0.120 —6°20" —5°09" —5°38’ —7°18"
To{m) —0.045 | —0.066 | —0.078 | —0.059 | —3°35” | —3°43" —4°48’ —4°30"
— | L | T e — —— = | — g -
AD Ti(m) —0.060 | —0.053 | —0.042 | —0.089 —2°38’ —2°227 —1°52" —4°54’
T2(0) —0.020 | —0.025 —0,027 | 4+0.007 —1°50/ —2°35" —1%43 +1°54"
Ta(m) —0.021 | —0,005 | —0.002 | 40.016 —2°3% —0°53’ —@"12 —0°12/
BC Ti(m) —0.009 | —0.022 | —0.008 | 40.041 —0°12’ —0°53’ —0°43' +2°307
T2(0) +0.050 | 4+0.016 | 40.008 | +0.054 +4°247 +2°26" +1°49’ +2°48"
Telm) —0.003 | —0,009 | —0.009 | 40.014 +0°127 +0-53" +0°38’ +2°18’
BD Ti(m) +0.004 | +0.015 . +0.027 . +0.056 +0°55" +1°39’ +1°32* +4°2¢’
T12(0) +0.032 | 40.019 & +0.008 —0.036 4354 +2°12/ +2°297 | —0°54’
To(m) +0.029 | —0.003 | +40.007 | —0.041 +1°48" +0°25’ +-1°44" —1°18
CD Ti(m) —0.018 | —0.015 | —0.002 | —0.017 —1°32/ —1°03" —1°16" —0°427
7-(0) 0 40.019 | 40.025 | +0.060 | —0°10/ +1°04" +0°28’ +4°54"
Tu(m) +0.063 | 4+0.048 | 40.044 | +0.032 +4°42" +5°34 -+5°267 +2°18’
Average 40,034 | £0.029 | +0.028 | +0.048 +2°24" E2 127" | +2°16’ +3°03’
| |

1 Assuming a regular tetrahedron with Si-O distances of 1.614 A (Megaw et al., 1962). For reedmergnerite
the associated errors are as in Table 5 (0-0) and Table (0-Si-0). For low albite, maximum microcline, and
anorthite, the values are those obtained by the present authors using data from the respective sources, For
anorthite an average of two independent values for 0-O and O-Si-O, given in Table 2 (d) and (f) (Megaw et al.,
1962), was taken.

tetrahedra (Table 12)—B-O in reedmergnerite, Al-O in low albite, maxi-
mum microcline, and anorthite—shows a somewhat smaller range of
deviations, +0.06 A, for the O-O edges of the B-O tetrahedron compared
with those of the Al-O tetrahedra, especially in anorthite, in which the
range is +0.20 A. The trend is not as definite for the angular deviations,
but the largest ones are associated with the O-Al;(0)-O angles of anor-
thite. Comparison of the remaining Al-O tetrahedra, Ti(m), T2(0), and
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To(m), in anorthite with the corresponding Si-O tetrahedra in all four
structures shows the following ranges of deviation. For the 0-0O edges in
Si-O tetrahedra, —0.084 to +0.072 A (average, +0.03 A), for all except
anorthite, which has a slightly larger range, —0.120 to +0.086 A (aver-
age, +0.035 A). In the Al-O tetrahedra of anorthite, a significant increase
from these values occurs, —0.181 to +0.120 A (average +0.064 A). For
the O-Si-O angles, a range of —7.3 to +5.4° (average, +3°) represents

TaBLE 12. COMPARISON OF DEVIATIONS FROM REGULARITY OF O-O TETRAHEDRAL EDGES
AND O-T-O BoxDp ANGLES IN THE T;(0) TETRAHEDRA OF REEDMERGNERITE,
NaBSi;0s, Low ALBITE, NaAlSi;Os, MAXIMUM MICROCLINE,

K AlSi;0s, AND ANORTHITE, CaAlSi:O4

Difference of O-7-O Angles from Tdeal

1
Difference of O-O Edge from Ideal Values Tetrahedral Value (109°28")

O vee | |
i\":'; I_-I Reed- | Low Maximum Reed- | Low Ma <imum | L
' I“ mergnerite]  Albite MlLrocllne\ Anirthite ||mergner1te I Albite Microcline Anorthite
_' — —| —— - - _—— _— ———
Fdge Ribbe |Br0wn dnd Megaw || ‘ Ribbe Brown and Megaw
| Present | . |
Stud el al. | Bailey el al. Present et al. Bailey et al
| ucy (1962) (1964) (1962) Study (1962) (1964) (1962)
AB —0.062 —0.131 —0.099 | —0.200 I‘ —4°317 ‘ — (1748’ —11°42
AC —+0.044 +0.093 +0.050 | +0.136 || +43°59 165307 “+10°12"
AD | —0.05s | —0.110 | —p.pep | —0.170 |‘ —3°54/ | —3%560 —11°4’
BC [ +0.002 +0.037 +0.040 | +o.pos || 41°20 +3730" RRE Y +3°06'
BD +0.015 —+0.011 0003 40,120 —+1°09" +0756 +1°16' —+6°48'
CD +0.001 | +40.002 | —0.021 | 40,018 H +1°35’ | —I—l FE —0723" +2°06’
Average | + (030 +0. 004 | 40,048 | £0.115 || +2M6t | L4M8 | % 2o50)" | + 7836

1 Assuming regular tetrahedra with B-O distance 1.470 A, ideal 0-O 2.400 A (reedmergnerite); Al-O
1.749 A, ideal 0-0 2.860 A (Al tetrahedron taken by Megaw ef al., 1962). For reedmergnerite, associated errors
as in Table 5 (0-O) and Table 6 (O-T-0). Values for low albite, maximum microcline, and anorthite are those
obtained by present authors using data from the respective sources. For anorthite an average of two indepen-
dent 0-0 and O-T-O values irom Table 2 (d) and (f) (Megaw ef o, 1962) was used.

the limits of deviations for all four structures, whereas the comparable
0-Al-O angles in anorthite deviate by a range of —8.1 to 6.5° (average,
1-4°). These results suggest that Al-O tetrahedra tend to deviate more
from regularity than either B-O or Si-O tetrahedra, possibly because of
the longer Al-O distances and the resultant weakening of internal attrac-
tive forces. In the structure of sillimanite, Burnham (1963) also found
the Al-O tetrahedra to be less regular than the Si-O tetrahedra.

In anorthite, Megaw et al. (1962) note an increase in average 7-O
distance with increase in the number of Ca neighbors associated with the
oxygen atoms. In maximum microcline, Brown and Bailey (1964), ob-
serve an exactly opposite trend, the average T-O distance decreasing
as the number of K neighbors increases. No clear correlation occurs in
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either reedmergnerite or low albite. The single Si-O distances to the oxy-
gen atom O (1) which has two Na neighbors are shorter than the average
Si-O distances for the oxygen atoms with only one or no Na neighbors,
as in microcline; but the Al-O distances in low albite and the B-O dis-
tances in reedmergnerite are largest for the O5(1), as in anorthite. The
possibility exists that the correlations observed in anorthite and micro-
cline are fortuitous, but further experimental evidence from other struc-
tures is necessary to clarify this point.

Closed rings in the struclure. The feldspar structure contains various
closed rings, which are commonly referred to in terms of the number of

El\
| 0 toooo) P ll',
v 5 - - : 1

O imooo
0

O 100

I'16. 2. Two four-membered rings in the reedmergnerite structure viewed along ¢;
ring 1 on left, ring 2 on right, Symmetry centers are shown by small circles.

tetrahedra linking at corners to form the rings (Smith and Rinaldi, 1962).
The total number of atoms in a ring is twice the number of tetrahedra
involved. Using this terminology, four-membered, six-membered, and
eight-membered rings can be found in the feldspar structure.

Three distinct four-membered rings are illustrated in Figs. 2 and 4 as
they appear in reedmergnerite. Two of these rings (Nos. 1 and 2, Fig. 2)
each have a center of symmetry, whereas the third ring (Fig. 4) does not.
Some of the distances and angles are shown for rings 1 and 2 in Fig. 3
and for ring 3 in Fig. 5. The atomic coordinates for each ring and a
complete list of pertinent distances and angles are given in Table 9 for
both reedmergnerite and low albite. Examination of these values shows
close agreement for most of the distances and angles in the two struc-
tures. Rings 1 and 2 are both considerably elongated along one diagonal,
whereas ring 3 is more nearly equant.

A number of larger rings can be described, but all are constructed from
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L O,
AN N\
1606 1445 1624 1625
(1.585) (1.730) (1.623) (1.614)
P A /
| ¢
T/ \Tl T, \TZ
1614 1.467 1618 1613
(1.602) (.75 (L812) (1.621)
/ . 135.4\ ~ /146.3 ) )
R (134.0)/ "D ' {i51.4)
1.0° 4.2° Y 109.3° 107.9°/
T Qo 6) ms.0,/ T, T, \(nos) (108 4), T,
N 124.9° 135:9° /
(130.1) (135.8),
. Oc O .
Ring | Ring 2

F16. 3. Some distances (A) and angles in the rings 1 and 2 shown in Fig. 2 (see also
Table 9); values without parentheses are for reedmergnerite, with parentheses, for Jow
albite.

0,010y < -+~ S .-=> O,u0ic)

Oa(OOic) )

F16. 4. Ring 3, a third four-membered ring in the reedmergnerite structure,
viewed along b.
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sections already shown for the four-membered rings combined with the
two bridging sections associated with O4(1) and O,(2). The relevant
distances and angles for the O4 oxygen atoms are given in Table 10.

Bond angles at oxygen atoms. These angles are compared in Table 13 for
reedmergnerite, low albite, maximum microcline and anorthite. The
overall similarities for like oxygen atoms are evident, as pointed out by
Megaw et al. (1962) in their compilation for various feldspar structures.
However, in some of these angles there are significant changes, which

Tz(mOiO)

(1620) 1620 " 111.3° 1814 (1.602)
(109.9) \
158.1°

O_tmoio) [ 135.4° ™ 0 _(00ic)
B /tsl.0) (134.0) '-_.OD
(1.601) 1.602;{ V1.467 (1.751)
o o\l"-
T tmoio) [ 110.4 1106° | T 5o
| (moi {4 165 fl_a Tl (00ic)
. /
(.612) 1.618 | /1.470 w1.745)
~\146.3° 140.5°/ ,
O moio) ~_(151.4) (139.5) — Oglooie)
" -]
e 3.4 -
(1.e21) .63 ™ L7~ 1.585 (1.592)
T2(00ic)

Fic. 5. Some distances (A) and angles in the ring 3 shown in Fig. 4 (see also Table 9).
Values without parentheses are for reedmergnerite; with parentheses, for low albite.

are apparently required by the framework in order to accommodate
either boron or aluminum. The average values for anorthite are nearly
all smaller than the corresponding values for the other two structures.

Charge balance in the feldspar structure. The complete refinement of the
reedmergnerite structure does not significantly change either the values
or the conclusions that have already been given on this subject (Clark
and Appleman, 1960). We agree with Brown and Bailey (1964) that
charge balance computations based on simple ionic models are not an
adequate basis for evaluating the relative stabilities of different feldspar
structures.
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CONCLUSIONS

The present study underscores the similarities among the Si-O portions
of the framework in chemically distinct feldspars. The striking correlation
between Si-O distances for like atoms in reedmergnerite and low albite
strongly indicates that both minerals are completely ordered and that the
bond-distance values in maximum microcline (Brown and Bailey, 1964)

TaBLE 13. COMPARISON OF BOND ANGLES AT OXYGEN ATOMS FOR REEDMERGNERITE
NaBSi;Os, Low ALBITE, NaAlSi;Os, MAXTMUM MICROCLINE,
K AlSiz0s, AND ANORTHITE, CaAlySi;Os
Bond Angle, T-O-T

X [
Low | Maximum

D Reedmergnerite Albitel Microcline Anorthite
Atom I - _!__ -
Present Ribbe et al. | Brown and | Megum 2t alb (1960) o
Study (1962) | Bailey (1964) Average? Range
e L — i _ S
0.(1) 143.1£0.5° 140.6° 144.7° 136.9° 135-140°
04(2) 128,7+0.2° 130.2° 138.5° 124 .4° 122-126°
Og(0) | 140.5+0.4° | 139.5° 151.2° 188,187 128-140°
Os(m) : 158.1£0.2° | 161.0° 156.0° 155.8° 144-171°
O¢(0) 124.940.3° 130.0° 130.7° 131.4° 131-133°
Oc(m) | 135.9£0.3° 135.6° 130.7° 129.8° 128-131°
Op(0) 135.440.3° 134.0° 140.0° 130.0° 125-138°
Onp(m) ‘ 146.3+0.2° 151.5° 143.2° | 151.8° 138-167°
Average | 139.1° 140, 3° 141.9° \ 136.7° ‘ 122-171°

1 Values calculated by present authors from atomic coordinates of Ribbe et al. (1962).
2 Average by present authors from values for four independent tetrahedra, Table 2 (g),
Megaw ef al. (1962).

cannot be used as evidence for partial disorder. The error associated with
the use of Smith’s relationship (as modified by Smith and Bailey, 1963)
for Al-content as a function of average 7-O bond distance is significantly
larger than the £ 39, (in round figures) suggested by those authors, and
we suggest that a more realistic estimate of this error is +8%. Accumu-
lated evidence shows that Al-O tetrahedra in the feldspar framework
deviate from regularity more than either Si-O or B-O tetrahedra. There
is no anisotropy associated with the Na cation in reedmergnerite, a re-
sult that tends to confirm association of the observed anisotropy in low
albite with a space-average effect, rather than a time-average effect.
Although reedmergnerite is so similar structurally to low albite, it has
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no disordered polymorph corresponding to high albite. This fact raises the
possibility, first suggested by Prof. R. B. Ferguson (written comm., 1960),
that although borosilicates can be synthesized which are exactly analo-
gous to ordered aluminosilicates, it may be difficult or impossible for
boron and silicon to occur in random occupancy of one atomic position
in these structures. Thus there would be no borosilicate analogues of the
disordered aluminosilicates. In this case the synthesis of borosilicate
analogues, such as the various boron micas described by Eugster and
Wright (1960), would provide a useful method for studying order-disorder
problems in the corresponding aluminosilicates.
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