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Crystal-structure refinements for orthorhombic boracite,
Mg,C1B,0,;, and a trigonal, iron-rich analogue*
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Auszug

Die Kristallstrukturen des rhombischen Boracits, MgzB;0:5Cl, und seines
eisenreichen trigonalen Analogons Fes sMgp,¢B7013C]l wurden auf Grund von 1509
Interferenzen fir den ersten (Pca2,, a =b = c/Vf = 8,5496 A, ¢ = 12,0910
-+ 0,0009 A, Z = 4) und 650 Interferenzen fir das zweite (R3¢, a = 8,612
+ 0,002 A, ¢ = 21,065 + 0,004 A, Z = 6) bis zu R = 0,038 bzw. 0,065 ver-
feinert. Die zwei Strukturen sind sehr dhnlich; sie unterscheiden sich nur in der
Anordnung der symmetrisch-dquivalenten Einheiten. Sie haben ein zusammen-
héngendes B-O-Gertist mit groBen Zwischenriumen, in denen sich die Kationen
und das Cl-Atom befinden. Das Geriistmuster besteht aus drei Ringen, die drei
B-O-Tetraedern angehoren, welche sich in einem gemeinsamen O-Atom, O(1)
beriihren. Die Ringsysteme sind direkt oder tiber ein einzelnes B-O-Dreieck
miteinander rdumlich verkniipft. Das Atom O(1) ist nicht, wie frither beschrie-
ben, vier ,,BO30-Pyramiden‘‘ gemeinsam, sondern drei dieser ,, Pyramiden® sind
normale Tetraeder und das vierte ein Dreieck. Die Mg- und Fe-Atome sind finf-
fach-koordiniert ; das sie umgebende Polyeder 1dBt sich am besten als ein Uber-
gang zwischen tetragonaler Pyramide und trigonaler Bipyramide beschreiben.
Die ungewdhnliche Koordination und einige anomale Kation-Chlor-Absténde
sind wahrscheinlich durch die Art der Hohlriume bedingt. Bei den meisten Ver-
bindungen mit boracitdhnlicher Struktur und mit verschiedenen Kationen und
Halogenen als Ersatz fiir Mg und Cl wurde ein Ansteigen der ferroelektrischen
Umwandlungstemperatur mit wachsendem Verhdltnis des Tonenradius von Met2
gegeniitber dem des Halogens gefunden.

Abstract

The crystal structures of orthorhombie boracite, MgsClB;0;3, and of a
trigonal iron-rich analogue, Fe.4sMgo ¢ClB7013, have been refined using 1509
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reflections for boracite (Pca2i, a = b= 0/1/27 = 8.5496 A, ¢ = 12.0910
4+ 0.0009 &, Z = 4) and 650 reflections for the analogue (R3¢, a = 8.612
+ 0.002 A, ¢ = 21.065 + 0.004 A, Z = 6). The residuals R are, respectively,
0.038 and 0.065. The two structures are quite similar, differing only in the
arrangement of symmetry-equivalent units. They consist of unbroken boron-
oxygen frameworks with large interstices in which the metal cations and chloride
anions reside. The basic unit of the borate framework is made up of three rings
of three boron-oxygen tetrahedra sharing corners and joined at a common
oxygen atom, O(1); the ring systems are cross-linked to one another, as well as
through a single boron-oxygen triangle. The O(1) oxygen atom is not common
to four “BO30 pyramids’, as previously described. Instead one of these four is
a normal triangle and the other three are normal tetrahedra. Magnesium and
iron cations are five coordinated in an arrangement best described as transitional
between square pyramidal and trigonal bipyramidal. The nature of the cavities
in the borate framework probably accounts for the unusual coordination and
some anomalous cation-chlorine distances. For most compounds with boracite-
like structures, in which various cations substitute for magnesium and various
halogens for chlorine, the ferroelectric transition temperature is found to increase
with the ionic radius ratio, Me2*/halogen.

Introduetion

The interesting ‘“ferro” effects in boracite structures have recently
been discussed by a number of authors; for example, the ferroelectric
properties by ScHMID (1965, 1970), Scamip and TROOSTER (1967),
KoBaYASHI ef al. (1968), and ZIMMERMAN ef al. (1970), to name just
a few; the ferromagnetic properties by AScHER et al. (1966); and the
ferroelastic properties by A1zu (1968) and ToRRE et al. (1972). In addi-
tion, some optical properties have been discussed by DorMaNN (1970),
and thermodynamic properties by Dvoraxk (1971). We cannot hope to
mention here all the vast literature which has come out on the boracite-
like structures in the past few years.

The strictures of boracite and its many synthetic analogues have
been assumed to be essentially as described in 1951 by Ito, MoriMoTO,
and SADANAGA for the cubic and orthorhombic forms of boracite,
Mg3ClB7013. The observed ferroelectric effects have been attributed
entirely to movements of metal and halogen atoms, and the borate
framework has been assumed “not responsible for the ferroelectricity”
(ZIMMERMAN et al., 1970). However, certain features of the accepted
structure appeared to be anomalous. The cubic structure, and the
orthorhombic one as well, were originally described by Ito et al. (1951)
as having “BO30 pyramids”’, four such pyramids being linked through
a common oxygen atom. Such coordination has not been encountered
in any of the numerous borate structures studied since 1951, nor is it
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compatible with the nuclear magnetic resonance spectra (Bray et al.,
1961; Kriz and Bray, 1971). We therefore decided to re-examine the
orthorhombie structure. Our results confirm the general features of the
orthorhombic structure proposed by Ito ef al. (1951) but important
revisions of the boron-oxygen relationships reveal that there are no
“pyramids” in the structure. We have also refined the structure of the
trigonal iron-rich analoguel, Fes ;Mg ¢ClB7013, and have found that
the borate framework is essentially the same. A preliminary report
on the borate framework has appeared (DowTy and CrLAREK, 1972a),
and a note concerned with the ferroelectriec and ferroelastic aspects has
been published (DowTy and Crark, 1972b). Prof. J. J. PAPIKE and
Dr. SuicEHO SUENO, State University of New York at Stony Brook,
are collecting data above the orthorhombic-cubic transition tempera-
ture on the same boracite crystal used during this study, and their
results will be published elsewhere.

Experimental work
Crystallographic and chemical data

The large (some greater than 0.5 cm diameter) crystals showing
cubic morphology, in which boracite and its iron analogue are often
found, are intensely twinned on a microscopic scale. To obtain material
suitable for diffraction studies, it was necessary to crush these large
pseudomorphs and select small untwinned fragments. The crystal of
boracite selected for study was an irregular fragment with trapezoidal
shape from a specimen originating at Solvayshall, Roschwitz, Germany
(U. S. National Museum No. B12325); the size of the fragment was
0.230.16 X 0.10 mm. It was verified optically to be a single domain.
The optical orientation is given in Table 1, together with the cell
constants obtained from measurements of standard powder diffracto-
meter data refined by least-squares methods (APPLEMAN ef al., in press).
No chemical analysis was made during this study; the boracite is
assumed to be almost pure.

The crystal of the iron-rich analogue originated at Bischofferode,
Thiiringen, Germany, and it was also an irregular fragment, 0.13 < 0.10

1 The crystal was chosen from a sample labelled “‘ericaite’” (HEIDE, 1955;
Kiex and ScHAACKE, 1955) and was thus designated in early notes (Dowry and
CLARK, 1972a,b). However, the nomenclature is uncertain following the recent
description of “congolite’” (WENDLING et al., 1972). We therefore refer here to the
“trigonal iron-rich analogue of boracite’” rather than using either mineral name.
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Table 1. Crystallographic data for boracite and the iron-rich analogue

Symmetry Boracite _ Iron-rich analogue*
Space group Orthorhombic Trigonal
Pca 2, R3e

Cell constants

a /)2 = 8.5496 8.612 £ 0.002 &

b /Y2 = 8.5496 8.612 + 0.002 A

¢ | 12.0910 -+ 0.0009 21.065 + 0.004 A
Cell volume 883.81 1353.0 As

zZ 4 [Mg301B7013], 6 [I“ez‘4Mg0.GClB7013]
Cale. density 2.945 3.443 g/cms3
Optical orientation l X=c¢,Y=0aZ=05b

* Corrected from values given by Dowry and Crark (1972b).

% 0.07 mm. Optical examination showed that this crystal contained
from five to ten percent of a second domain with a different orientation.
As no better crystal could be found, we assumed that the slight admix-
ture would not cause major problems. Indeed the results do not seem
to be those that would be expected for a superposition of structures
due to undetected domains. Cell constants for this material, obtained
as were those for boracite, are given in Table 1. From the previously
published analysis (KUHN and SCHAAKE, 1955), the crystal is assumed
to have about twenty percent of the iron replaced by magnesium, so
its formula is taken as Feg Mg ¢ClB7013. Careful examination of
single-crystal precession photographs and monitoring of equivalent
reflections during data collection revealed no departure from R3¢
symmetry.

Single-crystal x-ray diffraction data

Data for both crystals were collected on a Picker single-crystal
automatic diffractometer by 20-scan methods, using Nb-filtered Mo
x-radiation and a scintillation-counter detector. The scan range was
calculated as suggested by ALEXANDER and SMITH (1964). Background
counts of 20 seconds duration were made for each reflection at the
beginning and end of the scan range. The boracite crystal was mounted
with & parallel to the ¢ axis and 2621 reflections were measured. The
iron-rich analogue was mounted with ¢ parallel to the ¢ axis and 1591
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reflections were measured. In each case a standard reflection was moni-
tored after every 30 measurements.

Computer programs written by Prof. C. T. PREwrrT, State Univer-
sity of New York at Stony Brook, and modified for the IBM 360/65 by
D. E. ArrrEmaN, U. 8. Geological Survey, were used to obtain the
diffractometer settings and to reduce the raw data, including correc-
tions for the total background count and for Lorentz and polarization
factors. No absorption corrections were made for boracite (4 = 7.6 cm™1),
or for the iron-rich analogue (# = 43.6 cm™1). The observed |F,| was
less than four times its standard deviation from background as deter-
mined by the counting statistics for 1112 reflections of boracite and
841 reflections of the iron-rich analogue; these reflections were coded
as ‘“‘less-thans” and omitted during the refinements, which used 1509
reflections for boracite and 650 reflections for the trigonal analogue.

Refinement procedures

The computer program ORFLS (Busing et al., 1962) was used for
preliminary refinement of boracite. Programs RFINE and BADTEA,
written by Dr. L. W. FINcER, Geophysical Laboratory, Washington,
D. C., were used for the final refinement of boracite and all refinement
of the iron-rich form, as well as for calculation of bond distances, bond
angles, and thermal elliposids. The scattering factors were calculated
from a nine-coefficient analytical function (CROMER and WABER, 1965)
using the coefficients given by CROMER and MaN (1968) for neutral
atoms.

The atomic parameters given by ITo ef al. (1951) were used initially
for the orthorhombic boracite; four cycles of least-squares refinement
for positional parameters and individual isotropic temperature factors
reduced the conventional R = X||Fo| — |Fc||/2|Fo| from 0.275 t0 0.061,
and nine more cycles refining anisotropic temperature parameters
reduced R to 0.038. Six intense reflections presumed to be affected by
extinction were removed after the sixth cycle. A three-dimensional
electron-density Fourier synthesis and the associated difference Fourier
synthesis were then calculated using the X-Ray 67, Program system for
z-ray crystallography by J.M.StEwarTt, University of Maryland
(adapted for the IBM 360/65 by D. E. AppLEMAN, U. S. Geological
Survey). No unusual features were noted and the maximum difference
observed was - 0.7 e/A3.

The locations of the (Fe,Mg) and Cl atoms in the iron-rich analogue
were assumed to be as proposed by ScamiD (1970), but the locations
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of the boron and oxygen atoms were derived by analogy with our
previously refined structure of boracite. A total of nine cycles of refine-
ment, the later ones with anisotropic temperature factors, reduced R
to 0.065. The Fourier difference map showed features sometimes

0 ol -
2-10 2-5' .
\o\' 0 / 0 / /02_7 7]
24~ p "B 29 B=—0——B8
/ 1-3 2-3 |7 1 2-8 3\
/02-12 \ 02—12\
02'2\5/01\8\/02—7 -
|2'1 |2_2\O
0, 2:5
7244 Q 0,_ ~
2$B7{ 2-3
O/ \O
2-7  2-10"
/ \

Fig. 1. Schematic diagram of the asymmetric unit that forms the borate frame-
work in boracite and its analogue, numbered as for the orthorhombic structure
(Table 2)

LOW BORACITE

LOW BOARCITE

Fig.2. Stereoscopic-pair view of selected portions of the borate framework in
orthorhombic boracite. Atom labelling as follows: O(13) = O(1), others are O(2)
atoms; B(1), B(2), B(3) are the B(l) set, B(4), B(5), B(7) are the B(2) set;
B(6) = B(3). The close approach of B(3) to O(1) can be seen at mid-right
between labelled B(6) and O(13). Drawing produced by ORTEP (Jouxsox, 1965)
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Table 2. Atomic and thermal parameters for orthorhombic

’ Equivalent
Crystal Atom x 1 y z isotropie
B
0 } a 0.0241 (1) | 0.4994(2) |  0.2618 0.92 A2
T Cl 0.0 0.0 0.2654 (2) 1.16
0 Mg(1) | —0.0083(2) | 0.4988(3) | 0.4770 (2) 0.59
T (Fe,Mg) | 0.1480 (4) | 0.2971(2) | 0.3270 0.74
0 Mg(2) 0.2351(2) |  0.7204 (2) | 0.2537 (2) 0.62
0 Mg(3) 0.2350 (2) | 0.2784(2) | 0.2514 (2) 0.59
0 B(1)-1 0.2482 (7) | 0.7483 (6) | 0.5018 (5) 0.26
T B(1)-1 0.162 (3) | —0.169 (3) | 0.0828 (5) 0.59
0 B(1)-2 0.0060 (5) | 0.9987 (9) | 0.2488 (5) 0.43
0 B(1)-3 0.2481 (7) 1.2523(7) | 0.5016 (6) 0.46
0 | B 0.0023 (5) 11537 (7) | 0.4202 (6) 0.46
T B(2) 0.099 (2) | —0.105 (2) | —0.0286 (4) 0.78
0 B(2)-2 0.0035 (5) | 0.8464 (T) | 0.4224 (6) 0.50
0 B(2)-3 0.1553 (4) | 0.9999 (6) | 0.5735 (4) 0.50
(0] B(3) 0.2972 (5) 0.5000 (7) 0.6012 (4) 0.51
T B(3) 0.0 0.0 0.102 (1) 0.96
O l O(1) 0.0173 (3) 0.9993 (5) 0.4914 (3) 0.40
T o(1) 0.0 | 0.0 —0.0126 (6) 0.70
0O ‘ 0(2)-1 0.0824 (3) [ 0.7218 (4) 0.4794 (4) 0.34
T | 021 | —0.160 (1) | — 0001 (1) 0.1056 (3) 0.59
0 0(2)-2 0.1606 (4) 1.2107 (4) | 0.4019 (4) 0.39
T ‘ 0(2)-2 0.289 (1) £ 0.261 (1) | -—-0.0853(3) | 0.64
0 0(2)-3 0.0789 (3) 0.8753 (4) 0.3156 (4) 0.41
T 0(2)-3 0.199 (1) —0.022 (1) — 0.0869 (3) 0.67
O O(2)-4 | —0.0857 (4) 1.2701 (4) 0.4813 (4) 0.41
T 0(2)-4 | —0.306 (1) ’ —0.226 (1) 0.0204 (3) 0.66
o 0(2)-5 —0.1604 (4) 0.8072 (4) 0.4059 (4) 0.44
0 0(2)-6 | —0.0730 (4) ] 1.1153 (4) | 0.3172 (4) 0.50
0 | 021 0.1330 (3) | 1.0801 (4) |  0.1865 (3) 0.38
0 0(2)-8 | 0.2885(4) | 0.6613 (3) | 0.6066 (4) 0.52
0 0(2)-9 ; 0.2837 (4) | 0.9120 (4) | 0.5226 @ | 029
O 0(2)-10 ) 0.1109 (3) | 0.9243 (4) 0.6764 (3) 0.33
0 O(2)-11 {  0.2004 (4) | 1.1597 (3 0.5965 (3) | 0.35
0O | 0@-12] 0.2075 (4 J 0.4206 ( 0.5261 (4) ] 0.45

greater than + 1.0 e/A3 at locations distinct from the final atomic
positions. The locations of these features, however, could be rationa-
lized on the basis of a “ghost” structure due to the presence of the
second minor domain in a twin relationship.

The atomic parameters obtained are listed in Table 2 for both
crystals, and the structure factors calculated with these parameters are
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boracite (O) and an iron-rich, trigonal analogue (T')

Parameter*

B faz Paa P12 pia Pea
35 (1) 28 (1) 16 (1) 0.6 (1.4) 0.8(7) | — 0.6(1.0)
50 (3) 50 7(1) 25 0 0
15 (1) 13 (1) 16 (1) 0.5 (1.0) 0.6(L3) | —2(2)
34 (3) 38 (2) 3.8 (1) 19 (3) (1) 3 (1)
23 (2) 21 (2) 10 (2) 9 (1) 0.3(1.4) | —2(1)
24 (2) 21 (2) 8(2) —9(2) 2 (1) —1(1)
12 (5) 7(5) 4 (4) 4 (4) —4(2) —3(2)
24 (18) 57 (23) 2(2) 32 (13) —3(7) —4(7
12 (3) 12 (3) 10 (4) —3(4) —4(3) 3 (5)
17 (6) 13 (6) 11 (5) 0 (5) 1(3) 2 (3)
11 (5) 7(5) 15 (5) 2 (3) 1(3) 7(4)
11 (17) 43 (21) 2(1) l 6 (9) —6(6) —9(7)
22 (5) 13 (5) 0(4) | 0(3) —3(3) 5 (4)
14 (3) 13 (3) 2(3) | 7(4) 1(2) —5(3)
21 (3) 12 (3) 10 (4) 1(5) —5(2) 1 (4)
28 (9) 28 9 (3) 14 0 0
15 (3) 8 (2) 9 (3) 4(3) —3(2) —2(3)
23 (8) 23 6 (2) 11 0 0

7(3) 13 (3) 7(2) —.2(2) —2(2) —2(2)
18 (8) 24 (9) 4(1) 9 (7) —2(3) —2(3)
15 (3) 18 (3) 4(3) —3(2) 3 (2) 2(2)
24 (9) 35 (10) 3 (1) 14 (8) —1(3) —3(3)
13 (3) 14 (3) 8 (3) 2(2) 0(2) 2 (2)
25 (9) 30 (9) 1 (1) —5(8) —1(3) —1(2)
13 (3) 11 (3) 9(3) | —1(2 —1(2) —3(2)
49 (11) 12 (8) 3(1) 11 (8) 1 (3) 3(2)

$(3) 13 (3) 12 (3) —4(2) 0(2) 1(2)
17 (3) 15 (3) 10 (3) 5(2) —2(2) —2(2)
18 (3) 14 (3) 4(3) —5(2) 3(2) —3(2)
19 (3) 6 (3) 14 (3) 3(2) 0 (2) 2(2)
17 (3) 8 (3) 2 (3) —1(2) 1(2) —3(2)
16 (3) 10 (3) 4(3) 4(2) | 0(2) 1(2)
16 (3) 11 (3) 5 (3) —1(2) —1(2) 0(2)
17 (3) 10 (3) 9 (3) 0(2) —4(2) —1(2)

* Error in parentheses is one standard deviation; for 0.0241 (1) read
0.0241 + 0.0001, etc. By are given times 104 Temperature factor form

3 3
exp !— 2 2 hi hj ﬂ;j} .
[ =1 4=1

compared with the observed in Table 3. The thermal ellipsoid data are
presented in Table 4 for boracite only.
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Table 8. Comparison of observed and calculated structure factors.

A. Boractle, * indicates “less-than” reflections
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Table 34. (Continued)

O NN OO NN B IR D NN AN B0 T CR AN~ O REN I ITOD - N ANNONCDTOO AD N ANINE RNAACANO NN D IND DAL O NACN S B RBO O M- - 0O
LELL2&9|M9M13)21ﬂ77320h|n631|u2250932|b351NG9558&0W2092507563252855666388&5|3251723557kb2069a328217k

n»*;, ;‘ u *‘ ;.*.a.*.*.f . x *;x &»g* nu .«»ﬁﬁ*u»
BINE BC NG R IAINS E N OSSN I AL NENEEOA R AT AV AR LR ML NS NALNNNENNOV N NNEAOCIDAAGNITEADNNEENOIO NN NaN S~ ~
TR o man 00353&0&U757&130u06k0m55050uo}&)000200453}96099A50(%k20502h1600597ASU035053(63W3301773027017U
-TRTE =

- El El -
@ o o
"

~
O RO IS N~ AN I NO OO0 A NI INA - SR O NI A OO r AT MO~ B A - A n T

2300h2kh|h02178815502050309080&000300\U90&0\073222h973320\3h3Ak7k7386|hh675k7306775569655A9362A27705
e & R - - N i e A N AR IS o~ © ST RTATeTa e e R AT WY RS woRT S Feo-al W

kK %k ek w kmx aE kK kK R X A X kX% £ kK _* x % x * % * *

SN T I O e A NNE N OO O ONECL OO CINANN- ¥ I IO I NOr O E R COO RO ANRO LS NINAO D - D AUINGINNO IO IO MNNDND — — = OO N NN NS — 0 P = 1=
230033#22502!85705500050309090A2003003k9030207020|30&&23033226&8190372651765760k6756&97)(70581&27700
- & e A e A S e o~ e~ " STETRTR O e s sl AW F-z-d

= " " - - =+ - -

o - ° o - @ " -

Nr O O r NI N OO = NI I NA - C RO C NI NN O r NNINO D OO - UM T NA = D AD O NI NA - OO - QNS N I ® THRMTINN O BN NT NN~ S = NN T NG -0

9#&6851\136200883&2372822$27\5502292659|A2000u0563920h639)52\1b06A3750)5009886L251AJ95657(5|63627A21
R=5-Jeiae RIZLTIDRE RRFRCICRARNN DA TRREETRRTET TEIRFULRT B3

* x * x * * ok x X ¥ ox * * *x x * x * x x x * x _x **
N NNNE O NN CO A= O NN e ARNE - A N0 T RN IO NONICONO N LD CNCO AN DOVORNENINIOICENNNFTD =L INGREININDL O INO D IN™ 0L ~O O
COC NN ONO S T MINS G RO NO AN - N C MO O N FC RO NS - NI TS TNCO AR NN I - S I NE I G OO DO MINGS MIMING S M BEIAMINININ RS G NG M OGO = G3 = s o
B A Y SN e RE moeTeT R FLUESTEA Flmaencr T Ran mrac ARG TmRE S D B R ~Ra Ra Fo
" " " " " " "
© ~ ) n - " o
N O OO NI NA OO r A NI NO RS~ NI I N " O OO NI NN O r ARSI NE N A r NI I MU~ ORI L NI NArO O~ A NI INE O RO - NN I NN~ S @S N N

52362982A658532826551&07L72m62u2008880[5827122&6slkk|8a00A|35022A}|A5127069323900&0096|hk||h|35239Lo
a = & e SaafRRATICE SETTENCEEE REGIR"CERRLND™D

*x X * % x * % * * * * * x_*
290692996987029297935200550k9&97992305675980099309908h788k32700B9A32199936 DNU" FTONDNCNINOTIDONNENAUIND O R

OB A RN A NS LB RESsrE - RN SRS -8 o N d e NS A M GO Ko oMd B mS O N ML S RNASHS I30d S dandrone o ad rna S-St e ma
- T YSTENE = PAR z « A N - EIR RN A A ] ARN . rA e E - AR YA gy R R A
I o " " " " = " "
@ n K = o o - o o ©
O N MO INIINA - OO~ NN I RO O OCONO NI NN OO -~ NI NO O OO "D RB O NI NN O S - NINFINO 0 O = 0NN~ WO NI NN - OO~ AMTIIND 0 O~ QI T

K k% o wE x x x %
57559297597588850093935h9672382988877871272MA2009295988 537979235&1781B9967990252\k672887658h5}07269
T 3 ] %000975020793#7890&6298&001036676\}30066081thbko

o a o o o o o o
n o ™~ ® S o - o
N O O T N @ O NN T M - O D O NI NN OO - NI N E OO r N T S NN O D RO NI NA -~ OO r NI MO DO - UM - C OR MG NI MG - O 0 = & 1T A0 (0 O






	page 1
	Titles
	Zeitschrift fUr Kristallographie, Bd. 138, S. 64-99 (1973) 
	(Received 13 October 1972) 
	Auszug 
	Abstract 


	page 2
	Titles
	Crystal-structure refinements for boracite and a trigonal analogue 65 
	Introduction 
	Z. Kristallogr. Ed. 138, 1-6 


	page 3
	Titles
	66 
	ERIC DOWTY and JOAN R. CLARK 


	page 4
	Titles
	Crystal-structure refinements for boracitc and a trigonal analogue 67 
	Table 1. Orystallographic data for boracite and the iron-rich analogue 
	* Corrected from values given by DOWTY and CLARK (1972b). 
	Single-crystal x-ray diffraction data 
	5* 

	Tables
	Table 1


	page 5
	Titles
	68 
	ERIC DOWTY and JOAN R. CLARK 
	Refinement procedures 


	page 6
	Images
	Image 1
	Image 2

	Titles
	Crystal-structure refinements for boracite and a trigonal analogue 69 


	page 7
	Titles
	70 
	ERIC DOWTY and JOAN R. CLARK 
	Table 2. Atomic and thermal parameters for orthorhombic 

	Tables
	Table 1


	page 8
	Titles
	Crystal-structure refinements for boracite and a trigonal analogue 71 
	boracite (0) and an iron-rich, trigonal analogue (T) 

	Tables
	Table 1
	Table 2


	page 9
	Tables
	Table 1


	page 10
	Tables
	Table 1



