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Abstract

The crystal structures of ruizite, Ca,Mn3*(OH):[Si;O(OH)a] - 2H.0, monoclinic,
a=9.064,b=6.171,c = 11.976A, g=91.38°, space group C2/m. Z = 2, R = 0,084 for 1546
independent F,,; macfallite, Ca;Mn3*(OH);{Si0,Si-0;], monoclinic, @ = 10.235, b = 6.086,
c=8.970A, B = 110.75% space group 2,/m,Z = 2, R = 0.184 for 2437 independent F,,; and
orientite, Ca;Mn™*Mn3*(OH),[Si3040], orthorhombic, @ = 9.074, b = 19,130, ¢ = 6.1214,
space group Bbmm, Z = 4, R = 0.156 for 1238 independent F,. have been approximately
determined. Structure disorder (domains, intergrowths) and/or solid solution probably
affect these structures; and true single crystals of these and related compottnds are very
infrequently encountered.

Ruizite, macfallite, orientite, lawsonite, sursassite, ardennite, pumpellyite, santafeite
and bermanite all are based on the same fundamental building block, a sheet
$MI* O(TO):l, ¢ = anion not assaciated with a tetrahedron, O = vacancy. This sheet
is based on a layer of the spinel structure projected down [111] giving the 2[M3* ¢x(TOy)1)
sheet with maximal two-sided plane group symmetry [p3m1), as found in chloritoid.
Ordered vacancies lead to the fundamental building block in this study with plane
symmetry [c2/m].

Alternatively, the chain component of the fundamental building block (f.b.b.) is
M3 (Op)u()2] where & usually is OH™. A variety of interchain tetrahedral polymers can
occur and many explain the disorder in these structures.

Introduction

Although many of the mincral crystal structures are
presently known, the principles behind them arc rarely
applied, and a holistic structural genealogy is wocfully
lacking. Much of the inability to evolve a structural
genealogy stems from the difficulty of applying graphical
cnumeration to these problems, and the problem of
choice: just which part of the structure should be empha-
sized? We choose to demonstrate that a fragment—in this
case a two-sided slab—is common to several crystal
structures of minerals, and may afford a unifying genealo-
gy among these compounds. The list is by no means
exhaustive: the compounds selected were those with
reasonably refined crystal structure parameters. Briefly,
the compounds occur in regimes of low to intermediate
temperature, and low to high (cf. lawsonite) pressure.
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Structural principle

The underlying principle is a two-sided plane, a section
of the familiar arrangement of spinel, Al(MgQ;), normal
to [I11]. In our model, the symbol M refers to cationic
species in octahedral coordination (in this case AP*) and
T refers to the cationic species in tetrahedral coordination
(in this case Mg**). For spinel, « = 8,14, this arrange-
ment has f; = %V2 g = 574 and 1» = V3
1 = 9.9A. It is an orthogonal cell and has been extensive-
ly exploited for structures derived from spinel by selec-
tive site orderings. This arrangement is a sheet with
composition 2[M30s(TOy).], maximal point symmetry
{32m} with two-sided plane group p32/m. The nearest
orthohexagonal monoclinic snbgroup of this would have
point symmetry {2/m} and two-sided plane group c2/m.

Table 1 outlines the crystal chemical characters of
thesc 6 X 9A sheet structures, called such because their
axial translations approximate these integers. Of the ten
representative structure types, only the structure of san-
tafeite is unknown. It. is inferred to belong to this group
and an approximate formula is given, Earlier, we attempt-
ed to solve its structure but it appears to be twinned, in
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Table 1. Crystal-chemical characters of the 6 x 94 sheet structures'

Species Forr:la

u,;,;m.h
Chiaritoid
Thesretical

Mop(10.);

Lawsonite
Sursassite
Arderntte
Purpetlyite
Orlentite
Hacfallite
Rufzite
Ssntafeite
Berranite

Fe{IT)2AV(OHE [AD20,{560.)1)
[#182470. )11, spine) a0 @ 8.1 %

Ca[A12{0) 2(S1;05)]-H,0

Fn{T1)2[AY1{0K) 1 (8100)181,0,1)

Pl 12 aMgs (0H) o [ATCEOH] L {AS0, {510, )2 (S110ea) ]
Ca3BgLA12(0) 1 (S10.){51,0¢}]

€3310(H10)a[MACI 1D 12 (0H)1(51404))

C22[Mn{I11)5(0H) 5($10:}{51:05) ]
Caz[MnlTITY2 (0N} 2 (544011{0H)1)]:24:0

ea. MasCalOH}s[MnITIT)5(0H} {¥D.),]oH20

k{1 ){HL0)\ [P (2TT 1 (M) (PO )] -2

B ANNDLAENN S

ty /3¢ 0 5.92 - -

oth) cfh) fp  _Space Groun _ &,/t; Iwo-sided plane Refererce

1,740
1.732

1or.57° c2te

5.41 18,19
{rfe1, €2/0)

paal, c2/m

1,522 r2/n
1.503 p2/a
1499 p2/a
1.492 vUn
1,482 b2/
1.473 p2/m
1.468 c2/a
1.481 2

1.43% 2

13,20 Cocm

9.78 P2 /o

18.52 Pren

19.1¢ A2/m

8.2 Riom

8.97 P2i/m
11.98 . 2/
30,00 .-~ €222y (psewdo ?)
19,25 -~ €222y {psevdo}

W NS WN AN

Tspecles are arranged accarding to decreasing taft, ratin. Cell £2ges of the fsbibe are under]ined,

growps. The two-siced plane refers to the fibebe in the structures.
trarrison and Brindley (1957).
7Sun and Weber (1958), with b and ¢ sces Intercharged.

2Ruranova and Skipetrova (1953).

inls study.

eltnd and Hertine (1332).

The spece grops of berranite and possibly santafeite are the twinned

*Bonnay and Allmana (1968}, SGottards {1965),

Sxarpf and Moore {1976}, after transforration 3 = {101], b = [107], c = [010]. HKote 6= = 90.25°.

much the same fashion as bermanite. The actual space
group of bermanite is £2,, but twinning usually leads to
the €222, space group (Kampf and Moore, 1976). Ruizite,
formerly proposed as P2,/c by Williams and Duggan
(1977), is C2/m for our crystal from Kuruman, South
Africa. The **theoretical’ structure, which is included in
the Mad, (TOs): (¢ = arbitrary symbol for an anion)
subgrouping, would be a slab of the spinel structure
normal to the [111] direction. The space group P3m1 for
this two-sided plane includes the orthogonal component
of C2/m as a subgroup. The sheet of cubic close-packing
is the basis for the ratio r./r, = V3/1 = 1.732.

An outline of the PIml, a, = 6A, arangement is

presented in Figure 1. This sheet consists of rows of

populated octahedra alternating with rows of insular
octahedra and the tetrahedra. Chloritoid actually pos-
sesses this slab as the [Al;0,(Si0y),] unit and distortions
lead to monoclinic or triclinic symmetry, but the #./t, ratio
is close to V3. If rows of populated octahedra alternate
with rows of octahedral voids and the tetrahedra, then the
formula M>0¢(TO,), obtains, where O is a vacancy,
This arrangement is an ordered subgroup of P3ml. Its
maximal space group is C2/m. The most pronounced
distortion in these structures arises from cation-cation
repulsion effects across the shared edges and a subse-
quent diminution in the t/f, ratio. If a = 9A and b = 64,
then #/7; = 1.50, close to the average 1.482 for the nine
structure types of MaOd(TOy);. The range is 1.545 to
1.428 for these compounds. No attempt was made to
transform the cell criteria in Table 1. Rather, the 6 X 9A
axes were underlined and the ratio was derived directly
from knowledge of the structure and orientation of the
octahedral chains. All the structures approximate the 6 x
9 module, and division or multiplication of these axial

repeats was not required. This adds some credence to the
M;0O0¢y(TO,)» unit as a fundamental building block. The
direction normal to this sheet is the basis of a varicty of
tetrahedral polymerizations, as we shall see.

Figure 2a is a construction of the idealized C2/m sheet
showing the important symmetry operations. Note that
all populated octahedra are based on the unit M(Op)s(d):.
where ¢ are in frans arrangement with respect to the
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Fig. 1. Sheet of 2[M3@x(TO.);] showing some of the
symmetry elements in space group P3m1 and the unit cell outline
with a,, a; ~ 6A. Some symmetry elements m, T, 2, 2, and axial
glides are shown and are slightly offset to ease visualization of
the sheel.
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Fig. 2a. Sheet of 2{M.O¢(TO,),] showing m, T(1), (2), 2. 2,
and q-axial glides in space group C2/m, the ordered subgroup of
P3m1. This is the fundamental building block for the structures
in the text. The axes are approximately a = 94, & = 6A.

octahedral center. Monoclinic same-cell subgroups of this
space group include

C2im — C2 — P2, P2,

L\‘ Cm— Pm

P2im, P2im

Often, it is more convenient to project the structure down
the shortest axis, frequently an axis of symmetty. Repre-
sentation of the sheet down this direction is featured in
Figure 2b. Since the axis of projectien is the 64 direction,
it coincides with the direction of octahedral edge-sharing
chains. It corresponds to the [110] direction of the spinel
structure.

The trans-M(O1);(¢)2 immediately presents a problem.
Is cis-M(Op)s(¢); possible? Figure 3 shows such an
arrangement with @’ = a/2, b’ = b, maximal space group
PYm. Of the eight known structures in Table 1, all
involve trans-M(O1)4(¢)2 and the cis-M(Op)s(¢): arrange-
ment has yet to be found. It is believed that the pro-
nounced Jahn-Teller axial distortion from the d.: molecu-

A\

Fig. 2b. Alternative projection of 2|M;0¢TO):), a
frequent projection for the Fig. 5 series. The edge-sharing
. .',Md:OT, 6A octahedral chains are normal to the paper. The 9A
direction runs from left to right and the intersheet portion runs
from north to south, Heights are given as fractional coordinates
of the 64 direction,

Fig. 3. The hypothetical structure built of cis-M¢,Or,
octahedra. The symmetry elements /1, 1 are shown and the space
group is P2/n, The axes are approximately ¢ = 4.5A and b = 6A.

lar orbital for #*Mn** in high spin configuration forces the
trans arrangement, but this does not rule out the cis
arrangement for some isotropic cation, say AP*,

In every structure involving Mn** (orientite, macfal-
lite, ruizite, bermanite), a common feature of polyhedral
distortion appears: the polyhedron is elongate with
4AMn**-0 ca. 1.93A and 2Mn**-0 ca. 2.21A, with
IMn**_0 = 2,024 average (Table 2). The major compo-
nient of the elongate bonds is oriented paraliel to the 6A
axis, the direction which is normal to the octahedral
shared edges in the ,[Mn** é,] octahedral chain. Isolating
the sheet of octahedra and tetrahedra in Figure 2, three
kinds of ligand arrangements occur. The first is (a) 2Mn**
+ 18i** and is an 0%~ ligand. The second is (b) I Mn>* +
1Si**, also an O ligand. The third is (c) 2Mn®*,
corresponding to the hydroxyl (OH™) ligand. In each
structure, the elongate Mn**-O bonds correspond to the
ligand at (a). The combination of the direction of cation-
cation repulsion and the orientation of the elongate verti-

Table 2, Meridional and apical Mn®*—0O bonds for the
fundamental building block in_bermanite, orientite, ruizite and
macfallite’

Mer!dfonal bonds Apical Averige

Barmanits
T
2 . , . .
Orientite
Ha(1) . . 2.20 2,02
Ruiz{te
Hn

2,20
2,21

2.02 %
2.02

2.20 2,02

Macfalifte
M(3) 2,22 2.22 2.01

1,934 221}
Range 1,68-1.96 A 2.20-2.24 R

Grand average 2,021

(1) tn zacfallfte axcluded because 1t contains significant
aluminum, The bermanite data are froa Kampf and Moore (1976).
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ces result in a r2/n ratio that is relatively small. Indeed, all
five structure types with the (Mn3* (OH)A(TO,),) building
block possess the smallest ratios among the compounds
in Table 1.

The [Mn}*"(OH)(TOs):) fundamental building block
{abbreviated f.b.b.) imprints other portions of the struc-
ture as well, even though linking units of varying dimen-
sions occur between the sheets. The fundamental building
block is a portion of a crystal structure which also is an
invariant component of several non-equivalent crystal
structures. In the structures of ruizite, orientite, macfal-
lite, pumpellyile and ardenaitc larger cations such as
Mn?* and Ca®* occur in seven-fold coordination by anions
and the polyhedron corresponds to No. 23 with maximal
point symmetry C2v (s1mi2) in Britton and Dunitz (1973).
The polyhedron is reminiscent of the gable disphenoid of
order 8 which occurs as the coordination polyhedron
about Ca* and Na'* in several structures (Moore, 1981).
The gable disphenoid is constructed by rotating one
square face 90° relative to the other of two equilateral
trigonal prisms and fusing them together. Polyhedron No.
23 is obtained by fusing an equilateral trigonal prism and a
square pyramid together at the square face, or can be
simply called the monocapped trigonal prism. In every
case, three vertices of a trigonal prismatic component link
te vertices between successive octahedra in the 64 chain.
These vertices are of the type a{x1) and b(x2). The

remaining four vertices exhibit a variety of coordinations
since they are the regions away from the f.b.b. Other
coordinating cations to these vertices can be Si**, 28i'*,
As®*, M**, M™_or the vertices can be other ligands
such as (OH™) and (H.0).

Lawsonite possesses the same f.b.b. and the interlcav-
ing Ca® has related but distinct coordination, being of

Fig. 5a. Representation of the ruizite structure down the [010]
direction. Atoms labelled correspond to Table Sa.

Fig. Sc. Representation of the disordered orientite structure
down [001]. Note [Si;0,0) groups and disordered Mn(2) are
drawn in.

number 6. The coordination on the square pyramidal side
is the same, but on the trigonal side the 1wo oxygens are
replaced by one, resulting in a distorted octahedron. The
trigonal oxygens O(3) in Figure 4, which represents
lawsonite, are present but their distances are too long for
nearest neighbor coordination. Bermanite, which has
intersheet Mn>*(H.0),(Op);, bridges the f.b.b.’s by the
(Op) oxygens.

The X¢7 polyhedra commonly polymerize to each
other through edge-sharing. In ruizite they are isolated,
but they occur as edge dimers in ardennite and orientite,
where Ca-O of the terminal square planar bonds are
parallel, and in pumpellyite and macfallite where they are
opposed. Portions of these structures are featured in the
Figure 5 series.

The tetrahedral links between «he £.b.b.’s are interest-
ing. The bases of the tetrahedral segments such as O(1}-
0(2)-0(1) in orientite (Fig. 6c) link to the f.b.b. of the
same structure (Fig. 5¢). The tetrahedral units are homo-
logues of the linear sorosilicate series [TaO3n+11, Where n

Fig. 5¢. Representation of the macfallite structure down
[ot0].
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Fig. 6a. Tetrahedral interlayer link in ruizite down (100].

= 1, Sigy; 2, Sixhy; 3, Sis@yo; and 4, Sisdi3. Representa-
tives include bermanite and possibly santafeite (n = 1);
lawsonite (n = 2); pumpellyite, macfallite, sursassite
(n = 1,2); orientite (n = 3); ardennite (n = 1,3); ruizite (n
= 4). In the Figure 6 series, the tetrahedral units were
projected down the 94 axis and their dispositions approx.
imate the tetrahedral arrangement in the rocksalt struc-
ture down [100]. For example, the central tetrahedra in
ruizite are viewed down the approximate 2-fold rators
implicit in the 4 symmetry; the entire Sisdy3 unit (Fig. 6a)
can be considered as the fusion of the [Si-O;] dimers in
pumpellyite, sursassite and macfallite at the inversion
center. This point of fusion forces a central Si-0-Sj =
[80° angle in ruizite,

The structures thus can be conceived as sheets of the
3[M20$-T0y),] fundamental building block with con-
nected (Ca,Mn**)$, polyhedra No. 23. In turn, these
sheets are connected to symmetry-translated sheets bya
variety of (silicate) polymers, including (Mn?*(H,0),) in
bermanite; [Si,0;) in lawsonite; [SiOs] + [Si.0;] in
sursassite, pampellyite, macfallite; [Si3O10] in orientite:
[AsO4] + [SiOy] + [Si;0i0] in ardennite; and
[Sis01(OH);) in ruizite. Naturally, portions of these
polymers are also components of the fundamental build-
ing blocks. For example, ruizite could be rewritten
(Cax(H0),81,05(0H),)iMn3 (OH)x(SiO4)2]  where the
first brackets represent the material beyond the border of
the fundamental building block denoted in the second
brackets. With this spirit in mind, the formulae in Table |

Fig. 6¢c. Tetrahedral interlayer link in orientite down [100),
Here, the connected [$i;0,5) unit is shown.

Fig. 6e. Tetrahedral interlayer link in macfallite down [001]
showing [Si207) and [SiO,) units,

have been rewritten in Table 3 to stress two critical
regions: the intersheet material in the first bracket and the
fundamental sheet or building block in the second brack-
et. To effect this, the structures in the Figures 5 and 6
series were inspected. The fundamental sheet was isolat-
ed and subtracted from the formula in Table 1. What
remained was cross-checked on the structure drawings
and defined as intersheet material. In only one siructure,
lawsonite, was partitioning between regions not cxact
since one extra oxygen had to be added. This was
consequently subtracted from the intersheet material.
Some very interesting conclusions can be drawn from
Table 3. First, sursassite and macfallite are chemically
and structurally related as their recent structure determi-
nations indicate (Mellini and Merlino, 1982; this study),
the major difference being pronounced Jahn-Teller dis-
tortion in the latter compound. Sccond, mistakes in the
intersheet region should be quite likely among com-
pounds which have the same fundamental building blocks
and similar metric relations in these building blocks such

Table 3. Partitioning of formulae in Table 1 into intersheet and
fundamental buitding block!

First bracket

{Intersheet)
Ca{H20)(0).,
Mni*AY{OH}51D,
Hni K91 {0H) ;550,430
Ca2(H:0)Mg510,
Ca2{H20)5510;
CaiMa?*(0R)510,
Ruizite Cax(11:0}259 10,{0H), Wl {0H)2{S10:)a
Bermanite "2 (H,0)0 Mot {OH)1(POV) 2

tsantafeite omitted because structure is not known. Orientite
tssures the mesber without Ma*, Mote fsororphisa between
sursassite and macfallfte, Lawsonfte has negative oxygen in
first bracket to balance charge,

Second bracket
ATz {0} (5102
Al (0H}3{S104) 2
2A15{0H) 1 (S104)
ALy (OH)2(S104)2
Mal*{OH)2(5104)3
Wl {0H)2{5104)2

Species

Lawsonite
Sursassite
Ardennite
Purpel lyite
Orientite
MacFallite
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as [Mn}* (OH)x«(Si0y)s] in orientite, macfallite and ruizite.
We offer evidence here that the structures of the crystals
used in our study probably represent a substantial degree
of domain disorder, since despite structure solution and
convergence, their final reliability factors were not of
satisfactory quality.

Experimental

The experimental details of ruizite, macfallite and orientite are
summarized in Table 4. Crystals of ruizite from the type locality
at Christmas Mine, Gila County, Arizona, were kindly provided
by Dr. Sidney A. Williams, Unfortunately, they were unsuitable
for data collection because of twinning and very small crystal
size. Shontly thereafier, Mr. John S. White, Jr.. of the U.S.
National Museum (Smithsonian Institution) kindly sent sharp
brown prismatic crystals from the N'Chwaning Mine, Kuruman,

Cape Province. South Africa (USNM No. 136812), and these wers
used throughout the remainder of the study. Good agreement
appears in the unit ccll parameters compared with the original
study by Williams and Duggan (1977), but we do not agree on the
space group. Since P2)/c is not a same-cell subgroup of CVm,
caution must be exerted without additional study on the type
material, since it is possible (though unlikely) that wo closely
related species are involved.

Macfallite and orientite samples both ware collected by the
senior author on the dumps of the type locality for the former
mineral, near Loke Manganese, Copper Harbor, Keweenaw
County, Michigan. Grea! effort was expended to obtain adequate
crystals, since the minerals are usually twinned and occur with
splayed surfaces. The crystals finally selected were deep maroon
and transparent. The end-member formulae in Table 4 for these
minerals lead 10 a calculated density higher than observed, dve
to the presence of AI** in these crystals (Moore et al., 1979). For

Table 4. Ruizite, macfallite and orientite: experimental details

a, A

b, R

e, R

8, deg

Space group

z

formula

plcalcd), g on-?
Speciflc gravity”

Ve em~?

Crystal size, mm
{11a, b, Ilc)

Nax (sin &)/

Sean speed (deg per min)
Background counts
Radiation

Independent Fyp
Diffractometer

R= t||F01-|Fcl|/z|Fo|

Re = (Bl IFo1=1Fc) /e FDYY, weo™2(Fo)

Scale facter
Yariable parameters

(A) Crystal Cell Data

HacFallite
10,235(3)
6.086(6)
8.970(5)

Rufzite

9.064(1)
6.171{2)
11.976(3)
91,38(2) 110.75(3)
c2/m P21/m
2 2
€a5Pn2S140; 1 {0H) 0 2H,0 CazMn,5%5011 (OH) »
2.89 3.53
2.9 3,43
3.7 50.9

{8) Intensity Heasurements

0.30, 0,15, 0.12 0.15, 0.30, 0.10

0.72 0.70
2.0 2.0

Qrientite

9.074(4)
19.130(?)
6.121(5)
Bbmm
4
CazHn,S150,0(0H)
3.48
3,33
50.1

0.12, 0.15, 0.12

0.70
2.0

Stationary, 275 at beginning and end of scaneaceeee....
OO MoKy (X 0,70926 ), graphite monochromatore---..

1546 2437

1238

PICKER FACS-)

{C) Refinemant of the Structure

0.084 0,184
0.095 0.140
1.441(6) 4.37(3)

72 123

0.156

0.143

1.14(1)
69

*Rufzite, Williams and Duggan (1977); macfallite and orfeatite, Hoore et 2l. {1979} who discuss stgnificant
A1** in these compounds,
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Table 5a. Ruizite atomic coordinates'

Table Sc. Orientite atomic coordinates’

m

x y z

0.2500 0.2500

9.0000
0.2054(2) 0,5000 0.2529(1)
0.0355(2) 0.0000

0.1513(2
0.1328(4) 0,2165(6) 0.1293 3
0.3748{6) 0.5000 .0921

-2.0063(6) 0,0000

0:305s(a)
00000

0(5) 0.3674(6) 0.0000  0.0459(5)
0(7) 4 0.4437(B) 0.0000  0.2781{7)
testimated standard errors refer to the

Tost digit. E in the Table 5 sarfes 1s equi-

oint rank. HNote 0{4) =03~ + 0(6) = OH"
e 0(7) = H20. e

si(2)

ol

0.0000 0, 395]{2;
0.2150(9) 0 3854(5
0.0000

d O NDd s o

all three compounds, a sct of single erystal photographs was
taken, and each spot was inspected with a loupe for evidence of
twinning, intergrowth, ctc. When the crystals were deemed
satisfactory, they were transferred to the Picker Facs-I
avtomated diffractometer. The data on macfallite and orientite
were collected much earlier and processed on the AMDAHL
facility at The University of Chicago. Ruizite, a more recent
study, was processed cn the DEC vax 111780 computer facility.
Scattering curves for Ca**, Mn®*, Si** and O'~ were ob!nir.led
from Ibers and Hamilton (1974). Anomalous dispersion
corrections were obtained from Cromer and Mann (1968} for the
heavier elements. Absorption correction involved careful
measurement of the crystal shape. The Gaussian integral method
(Burmnham, 1966) was applied to macfallite and orientite, and the
AGNOsT program on the VAX facility was utilized for ruizite.
The individual crystal structures were solved by classical
Pattersan F(uvw) synthesis. Since the structures were largely
unknown at the time, some difficully was encountered in each

Table Sb. Macfallite atomic coordinates!

z Beq, A
0.0000 T.BO[G]

x

Yy
0,0000 0.0000
0.5000 0.0000
0.0000 0.0000

0.6817?4} 0.2500
0.3128(4 0.2500 0,6687(5) 2.93(6

0.8107(5)  0.2500 0.1905(6)  1.79(7)
0.6519(13) 0.2500 0.0560{15} 1.38(18
0.5045¢15 2500 0.0778(16) 2.63{22
0.8387(%)  0.0332(14) 0.3050(10) 2.25(13

o.lsssgs) 0.2929(5}

0.0000 2.36(4
0.5000 2.29(4

0,7954 si z.as{si

26
Hn(2
Mn{3
ey
Si(l)

8

si(2}

3

$1{3)

0,1234(14 0.4279 14
0.3648(13 0 0.3986(14
0,1635(9) 0. c2es(14} 0,1850 10

0.5029{51 0.2500 0.331726}

0.6394(13) 0.2500 0.5173(15
0,5010(5}  0.6219(13) 0.2426{10

o5
ol

1 0.3735(15
WH 0.9324(14) 0.2500 0.5860(1
OH(3 0.0649(1 0.2500 0.9036
*estieatad standard errors refer to the last d{gft.

*Rafined to 0.61(2) Hn®*

g N —

D A

»-M_. An-..-.
—t g

8'\0.(» N—o—N

NIRRT BN RN &GN RN NN m
PN e

~e

i

0.2500 0.9394{ ‘

i
mmg

+ 9,39 A1 occupancy.

y 4

0.0000

mg; k*g-d 0.4549(8) 0,2500
8 0 6973{ l 0.1585(1)

S1(1) 4xye2 0,1057(8) 0.2500
0(3 . '3' u.smilz 0.1808(4)
o(4 8§  0.2049(11} 0.2500

S{{2 0.0301{4) 0.0970(2
f ;) Ig 0.1294{7)  0.0812(3
o2

Atom E X
0.2500
0.2389(N)
0.0000
0.0000
0000
0.2245(15)
0.0000
0 216&(9)
0.8729 n) 0.0584(4

8
ofg) 5 80 3‘?3225“% 0.800p

TEstirated standard ervors refer to the last digit,
Hate 0{5)=0H(1) and O(6) =OH{2) or H.0.

case, in retrospect because of the dominant sheet motif
3IMn2*(OH), (8i0,),). Convergence of the crystul structures is
reported in Table 4, part C, where R = SJ|F,| — |FJ/s|IF,).
Although macfallite and orientite were refined much earlier, their
disappointingly high R-indices militated against any urgent
communication of the results. However, no spurious or missing
atomic positions could be located, and this problem was
attributed to crystals which probably are not in fact composed on
one domain, but are at least two. We are encouarged in this
assessment by a recent communication on the related mineral
sursassite by Mellini and Merlino (1982).

Final structure information is arranged sequentially, according
1o ruizite (a), macfallite (b), and orientite {c). Table 5 includes
atomic coordinate parameters, Table 6 the thermal vibraiion
parameters, Table 7 the bond distances and angles, and Table 8

Table 7a. Ruizite: bond distances and angles'

Fn si{1}

2 wn-0(1) 1509 & 1 51(1)-0(2a)
2 .0(6) 1,945 H -0{1}
2 -0(2) 2195 1 -0(3)

A¥Erage 2.017 4verage

AR ETEN
2 001)-0{3)

1 o(n-o(n){?}
2 o(1)-0(2){®)

averace

*2 o(2)-ots) (3!
2 0(n)-0(s)

2 o(1)-p(5) (e
2 8(1).0(2)

2 0(1)-0(z){**)
2 0(2)-0(6}

I“que S‘(z)

1 51(2)-0(5) 1.5%

G 2 -0{4) 161

1 ce-0(7) (%} : 1 -0{3) 1630

: :2::; averige 1.612
1 -0(2)

1 g™

average

1 0{3)-0(5) .57 1057
2 0(4)-0{5)} 2,63 103
1 0(4)-0(a){} 2,65 10,6
2 0(3)-0(4) 2,66 109.9

averige 2,63 10%.5

TEstimated stang, rd emri are within 0,01 & for 0-07; 0,006 X for €a-0 1nd

$1-0; and 0,005 r #n-0; 0.1° for angles, The equivalent potiticns

referred to Tahle 5-) tre “;fgm(gu 18 :uun:rlpts and are {2) = 4 4 0;
Youax, oy, o ) x, -y, 2. o shared edges.
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Table 7b. Macfullite; bon

TE, MACFALLITE AND ORIENTITE

d distances and angles®

{1}

191 %
1.98
2.06

1.97

2 #n(1)-0(7)
2 -0H[3}
2 -0{2)

2 ¥nf2)-0u(1}
2 -0(1)
2 -0(8)

average average

*2 0(2]-08(3)

2 0(7)-0(3)

2 o{7)-on(n) )
2 o(2)-0(n ("

2 0(2)-8{7)

2 of2)on(31 1t

average

*2 0{1)-0(1)
2 oa)-on(n "/
2 o[8)-04{1)
2 0{1)-0(8)
2 ony-onny(*?
2 o(1)-o¢a)(*!

average

s§(1)
1.§1(1)-0(2)
2 -0{6)
1 -0{1}

si(2)
2 si(2)-0(7)
1 -0{3)
1 -0(48)

aversje dverage

1.0{1)-0(2}
1 ofs)-o(6) !
2 0(2)-01(6)
2 0(1}-0(6)

average

1 0{3)-0{4)
2 0(4)-0(7)
1o(n-o(n
2 0{3)-0(7)

average

ca(m)

2 ca-on !
2 ot
(1)
-0(5}
-0(2)

caf2)

1 Ca(2}-o6{1}

1 -0{3)
o(s)f*!
-0(8)(')
-0{4)

2.29
2.43
2,46
2.456
2.74

2.44

2
2
1

average average

#n(2)

M (3)

1.9t
2.1
2,18

2,07

2 ¥n{3)-04{2)
2 -0(6)
2 -0(3)

average

2 0(6)-0(2)
*2 0(3)-04(2)
2 os)-ong2)(*)
2 o{3)-o(e"?
2 0{3)-0()
2 0{3)-on{2){*}

average

$1{3)

2 si{3)-o(e)
1 -0(5)
1 -0(4}

average

1 0{4)-0(5)
2 0(5)-0(8}
2 0{4)-0(8}
1 oa)-ofey*)

average

2.28
2.3%
2.38
2.43
2,66

2.41

testizated standard errors are within 0,08 § for 0-0° and Ca-0; 0.03 R far ¥n-0 and 51-0; 0.9° for angles. The

equivelent positions {referred tc Table 5b) are design
{3} » -x, Yy, -2,

‘Mat*-4p* shared edges.

ated as superscripts and are (1} m-x, -y, -2; (2) * X, k¥, 23

the structure factors.? It should be noted that the anisotropic
thermal parameters for these crystals are mare likely
manifestations of intergrowths and domaia disorder, rather than
descriptions of true thermal motions.

Discussion of the structures

All three structures—ruizite, rf1acfallite. and orientite—
are based on the [Mn3*(OH)2(Si0.):] fundamental build-

3 To obiain copies of Tables 6, 6b, 6¢. 8, and Figures 4, 5b,
5d, 6b, 63 and &f, order Document AM-85-261 from the Business
Office. Mineralogical Society of America, 2000 Florida Avenue,
N.W., Washington, D. C. 20009. Please remit $5.00 in advance
for the microfiche.

ing block. They differ in the nature of the intersheet
material. The bond distance averages for Mn**-O in the
f.b.b. are Mn-O = 2.02 for ruizite, Mn(1)-0 = 1.7 and
Mn(3)-O = 2.03 for macfallite and Mn(1}-O = 2.02A for
orientite. The Mn(1)-0 distance in macfallite is unusually
short, but this is evidently the site where substantial AP+
is sequestered according to Table Sb. The intersheet
larger cations are particularly interesting. The Ca-O
averages for seven coordination arc Ca-O = 2.46 in
ruizite, Ca(1)-0 = 2.44 and Ca(2)-0 = 2.41A in macfal-
lite, and Ca-O = 2.45A in orientite. There is no evidence
of significant substitution at the Ca sites in these struc-
tures. The Ca-O ranges are from about 2.3 to 2.7A, and
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Table 7c. Orientite: bond distances and angles”

#a(1)

{2) sif2)

2 Hn(1)-0(1)
2 n
2 oz

average

2 t{1)-0(1)

2 ou(1)-o(y{*)
*2 ou(1)-(2){*)
2 o(1)-0f2) i}
2 0{1)-0(2){"
2 ou(1)-0(2)(#}

&verage

si(n)

2 st(1)-0(4)
2 -0{3)

average

**1 o(3).0(3)8")

2.65

100.0

2 maf2y-0(3)™
2 -0d(2)
IR

T i)

average

1 o(3)ladg(zy{=?
2 of3) .oy 1e)
1 od(2)-on(2)-)
2 0{4)-(2’
2 oa)*Ln(z)
2 o(3)("*g(a)
2 ofay{*e)gupz)

averaye

Ca
2 ca-o(y{®)
2 gy
1 -0i(2)
1 wf2)
1 -0(3)

average

1 s1(2}-0(2) 1,61
2 -o(1) 1.63
1 ~0(3) 1.66

average 1.63

1 0(2}-0(3)

1 0(1)-0(1)(*}
2 0(1)-0(3)

2 0(1)-0(2)
average

1 51(1)-tn{z){¥
T Ca-si(2)

1 0(4)-0(4)() 25 1M
4 0(3)-0{4) 27 07
average 2.75 109.4

?L'stimted standsrd errors are within 0.08 & for 0-0 and C2-0; 0.03 A for ¥n=0 and S{=0; 0,9° fop angles. The
(1)

equivalent positions (referred to Table 5¢) are designated as superscripts and are {a) = 3 0y

(2) = x, y, -3 (3) = x, weys =23 (&) = X, Yy, 2.
M0 shared edges.

ez, oy 1

*4in?*-51** shared edges (disorder).

the Ca¢; polyhedron No. 23 appears to be a chaiacteristic
feature in this family of structures.

Macfallite and orientite possess additional interlayer
Mn(2) in their structures, Their respective averages are
Mn(2)-O = 2.07 and 2.13A. Both compounds are inter-
preted as possessing a (Mn?*, Mn®*) solid solution at this
site, but additional Mp?* may also play 2 major roie as,
for example, in ardennite, which relates to orientite; and
sursassite, which is nearly isostructural with macfallite.
This implies that a complex coupled relationship may
exist between 02, OH" and possibly H20 anuig, soms
of the coordinating anions about Mn(2).

In orientite, the Mn(2) site is evidently hali~. “~nied
since the Mn(2)-Si(1) = 2.05A distance is unusually
short. This would suggest that an average of two ordering
schemes is being observed. In the first scheme, consider
the absence of Mn(2), Then the o-ientite struciure formu-
la would be Ca,Mn}*(OH),(5i;00). Here, OH(2) is also
eliminated, which would reduce the coordination about

Ca to six. In the second scheme Mn(2) is fully occupied
but Si(1) is empty. A charge-balanced example would be
Ca;Mn?*(OH),[Mn3*(OH),(Si0,),]. Orientite would rep-
resent composilions somewhere along the join between
these two end-member compositions, Moore et al. (1979}
suggested CazM"dMng+(0H)4(Si30;g)—CazMn§*(OH);
(Si;O1g) * 2H20 for the series at a time when the structure
was not known. Interestingly, Mellini and Merlino (1982)
proposed a model where [SiQ,] tetrahedra alternate with
[Si;0y0] tetrahedra across the fundamental building block
and this would appear to be the best compromise between
the two extremes.

This hypothesis appears to bring several observations
into account. The first is the presence of [Si;01,(OH)2]
tetramers in ruizite, where on the average two out of four
equivalent 0Xygens are replaced by hydroxyl groups to
balance charge. In orientite, two out of four equivalent
oxygens likewise appear to be replaced by hydroxyls.
The second problem concerns the formula unit contents




180

Table 9. Orientite and ruizite: electrostatic valence balunce of
cutions and anions'

ORIENTITE
Coordirating caticus

Mn{2)  si(1} Conclusion

Ha{1) si{2) po

179
2,28
2,28 0%
% 1.87 01"
1.00 oH”
0.29 H:0

Anfong

of1)

Ca

5 [
o) %

3

[
{3}

0f4) »
ofs) --
o) %

1.79 0"
2.29 0"
1.62 o**
0.9 OH™
1.60 OoH~

of1}

of2)

0{3} ek

*0{4} ¥ ok

o(s) --

o{6) o 0.62 H20
A. Compositicn Cay0{i20)2{M.2°(0H).[54,0,,0). 0(4) = 0*"

B. Corposftion Cazkn®*(H10)2{Mn]"(0H}((510,);{0N)s]}. D(8} = OH™

RUIZITE

Coordinating eations

si(1) SH2)  pp
.79 0"
2.29 or”
2.29 0"
1,29 oMOy”
2.00 0r”

ots) 1.00 o

o(7) 0.2% K10

Coposition Caa{H:0)z{Mnd (GH);[S140,,(0H);0]. O8) = OHLOY .

Anfons Hn Conclusfon

of1)
0(2)
o{3)
04}
o(s)

fEntries include Paulin
by coordinaticn number (C+N+ for Ca }. Since
hydrogen atoms were not deteérmined in the structures, "conciusion” was
guided by bond strength sum as bond distance deviations were not 11sted.

bord strengths obtained by diyiding formal charge
' 7, Pt 8k 6, e

of orientite. Earlier studies met with problems accommo-
dating the high water content proposed in chemical
analyses. Finally, the hypoihesis of Mcllini and Merlino
{1982) on the proposcd structure for oricntite and its
relation to ardennite is substantiated, bearing in mind that

[_[—_ #51(2100

* 5il2100

x Mn(2).25.23
®5i2] 40 e Si[2).5¢

«Si[19.50
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a single crystal of orientite end-member has yel to be
investigated.

Since hydrogen atoms could not be located in this
study, we have selected ruizite and orientite, the latter
with and without Mn(2), to construct Table 9. From these
electrostalic balunce calculations, crude suppestions can
be made on which oxygens are hydroxylated. In both
instances, these involve O(4) which plays a similar role in
botl; structures. It is an apical or terminal silicate oxygen
which also bonds to 2Ca + 2Mn(2) or 2Ca + 1Si(l) for
orientile, depending on the absence or presence of bond-
ed silicon. In the former case, we elect O(4) = QOH™, in
the latter O(4) = 0*". For ruvizite, O(4) bonds (0 1Ca +
1Si(2) and we have chosen O(4) = Y2:OH™ + %0 10
balance charge.

A twin mode] was employed to explain the frequent
appearance of bermanite crystals that satisfy X-ray ex-
tinctions compatible with space group C222,. Kampf and
Moore (1976) refined this structure in space group P2, on
an untwinned crystal recovered only with considerable
difficulty. Does orientite enjoy the same Kind of relation-
ship? Although there are many subgroups of Bbmm,
Prnnim, the space group found for ardennite by Donnay
and Allmann (1968), is one of them. We have constructed
a model for space group Pnmm based on the Bbmm
orientation, which adinits both Mn(2) and Si(l) in the
structure without steric hindrance in Figure 7. It features
both [Si(2)Si(1)Si(2)¢érol clusters and [Si(2)Mn(2)Si(2) ol
clusters. The cell contents for the two domains could be
4Ca;0(H,0){Mn}* (OH),[Si:00l} with O@) = 07~ and
4Ca;Mn?*(H,0),{Mn}* (OH):((Si0,):(OH),)} with O(4) =
OH"™ respectively. From this evidence, we suspect our
crystal is an intergrowth of both domains and it is not
known il pure single-domain crystals exist. Therefore, the
Bbmm space group for orientite is probably an averaged
model. Fina:ly, a related cell formula can be writien for
ruizite. 1t is 2Cax(H201{Mn3*(OH), [Si,0;; (OH),)}
with O(4) = OH ™, + Ofa. The O(5) position at (00 %) in
ntizite possesses a U/ parameter which is about one

1

TUAR1. 2523

*Sill) 50
*Sil2) 50
X Mal21.25,22%

*5il2130

e O — =0,

o ™ 2

xMa(2).25,-25

L.

a5if1).00

*5i2100 |

«5i1[2) 00

Fig. 7. The Si(3), Si(2) and Mn(2) atoms in orientite projected dO}vn the c-axis of the unit cell. The Si_positions are denated by dots
and Mn by crosses. A possible site population scheme which is sterically permissible is underlined and invelves Si(I) and Mn(2). The
subgroup which obtains is Pnmum, some of whose symmetry elements are shown.
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order of magnitude larger than for the gther OXygens,
apain suggesting disorder.

In all these structures. the fundamenta building block
Mo} C(OH)A(TO:] does not seem to be disturbed. but
the difficulties arise in the interlayer maerial. Therefore.
we suspect that the concept of the fundamental building
block is a key to relating these struciures and that
problems of domain structure, twinning and disorder of
anionic units occur within the interlayer region, OF al!
three structurce types, not one refined ag anticipated for
such compounds of intermediate atomic number and we
suspect each of them involves some degree of disorder.

Acknowledgments

Measrs. Russell P. MacFall and Carlton W. Guiman were
especially helpful in rounding up more specimens from the
dumps of the Lake Manganese area. P.B.M. acknowledges
support from NSF grant EAR81-21193 and 1.5, appreciates
support from the Ministry of Education, People's Republic of
China.

References

Allmann, R, and Donnay. G. (1973) The crysiaj structure of
Julgoldite. Mineralogical Magazine, 39, 27123,

Briiton, D. and Dunitz, J. D. (1973) A complete catalogue of
polyhedra with eight or fewer vertices, Acta Crystallogra-
phica, A29, 362-371.

Bumham, C. W. (1966) Computation of absorption comections.
ang the significance of the end effect. American Mineralogist,
51, 159-167.

Cromer, D. T, and Mann, J. B. (1968) X-ray scatiesing factors
computed from numerical Hartree-Fock wave-funclions. Acta
Crystallographica, A24, 321-324.

Dennay, G. and Allmann, R. (1968) Si,0,, groups in the crystal
structure of ardennite. Acta Cryilallographica, B24, 845-855.

Galli. E. and Albeti, A, (1969) On the crystal structure of
pumpellyite. Acia Crystallographica. B25, 23763251,

Gottardi, G. {1965) Die Kristallstruktur von Pumpellyit. Tscher.
maks Mineralogische und Petrographische Mitteilungen, 10,
[15-119.

Harrison, F. W. and Brindley, G. W. (1957) The crysta! strueture
of chloritoid. Acta Crystallographica. 10. 77-82,

Ibers, J. A. and Hamilton, W. C. (1974) International Tables for
X-ray Crystallography, 4, The Kynoch Press, Birmingham,
Engpland, 99-100.

Kampf, A. R. and Moore, P. B. (1976} The crystal structyre of
bermanite, a hydrated manganese phosphate. American Mip.
eralogist, 61, 1241-1248.

Mellini, M. and Merlino, S. (1982) Ordcfﬁlsordcr in sursassite,
Abstracts of Papers, 13th General Meeting, IMA "82 (Vama,
Bulgaria), p. 373.

Moore, P. B. (1981) Complex crystal structures related 1o
glaserite, K,Na(S0,):: evidence for very dense packings
among oxysalts. Bulletin de la Société frangaise de Mingralo-
gie et de Cristallographie, 104, 536-547.

Moore, P. B. Ito, J. and Steele, I. M. (1379) MacFalljte and
orientite: calcium manganese (111) silicates from upper Michi.
gan. Mineralogical Magazine, 43, 325-331.

Rumanova, [, M. and Skipetrova, T. [. (1959) The crystal
structure of lawsonite. Doklady Akademia Nauk S.S,SR.,
124, 324-327,

Sun, M.-S. and Weber, R. H. (1958) Santafeite, a new hydrated
vanadate from New Mexico. American Mineralogist, 43, 677-
687.

Williams, S. A. and Duggan, M. (1977) Ruizite, a new silicate
mineral from Christmas, Arizona. Mineralogical Magazine, 41,
429-432,

Manuscript received, May 12, 1983;
accepted for publication, August 22, 1984,




Cayf ) vmig 7 ol

Swapef TIERS 2oy Pl 839l




Nm
— -

-
-
COO0OT OO0 0O OO O O en ™ wtomt ot i+t ot ool oyt ol ot od = ot oot ot ot ot ot =t vt ot ot ot om v ()

CO000O000O0OCOVOO0O00OLOCOOOODOODOONTOOROOOCO

CO000RO0O00COOOOR00000000OO0ORRLOROROOO0O00BO0O
lnlOlﬂlﬂln\ﬂlnlnlnlﬂlﬂlDIﬂIOtOlOIﬂlOIDlDO00000000000000000009
COO0O0000CO000OO00ORLO0LOCO00OOOOODOCOODOADCD

“~AaAMmMETNDONOOO
-

b4
x
I
-
x
P

“ON 133HS F2ITIVIOVH

@ 6 6 0 o0 @ ¢ o © © © © o © O © ©




COO0O0OO0CO00O0O000O0000O0000ONEOOOROOROORO0CO000000COO0000O0OH

“T O NMeOMNOO
¢

OO M~MNONeEeMm N
LI I U T I B |

OOOOQOOOOOOQOGOOOGOOGQOQQOOOOOOOQOOOOOQQOQQQOOQOOOO

CTMNNNO=NMSTUUOMNDO

“-QODMOY
T-‘-‘I | I I R I |

NNNNNNNNNNNNNNNNNNNNNNNNNNI"’)Mnﬂnﬂnmﬂnﬂnnnmmﬂﬂﬂnﬂnnnn




BN ONEeMAUNAMETDOD O
LI I R A |

O ©O © © O O © o o 08 ™l i il omi bt vt 40 4t wé 00 90 50 il ot o0 Pf T4 ot bt 4 P4 N

CCO0O0Q0O00OOCDQOO OO ™ m vt omi ot ot o8 o ot 0 o0 ot

COOC0QUDOO0O0O0OCUO0ODOO0OOONOODOOOROOOOO O

LB T= e N R - I R R e R e - - . - O e A Y N N - - - - )
L I B R R e e

-;-O—'N"'D"I.D‘O"QQ

0N e
LI B I )

OCOCO0O0000O0UCO00VOOUO0O0ORLUO0CO0ONDO0LOOCOD0OOOOC O

M M I T I T T T I I I IIRTIIAIIITIRIAIAIAGITIVVLODOOWD




“~OoO~NMmMeO™~ o Of
|

N OO

QoM ONeMmN
LI T IR R R I I |
F)NTOH

=-OoOmNMeOMDOO
) ”~

+ MmN
LI )

(4
1
MM S A A A m S NN NNNNANNNNNNMNNNNNNNNN NN NN M

ﬂ”ﬁn"‘ﬂ--——--—-——ﬂ——--‘--“----ﬂﬂﬂ&.-‘—ﬁ.‘ﬁ‘--—
COQVOOOUCOVOVOOVOVOOCOVONNIMNNNNNNRNNNNSNAENNMRNAs~enB
CmNMITOONDO

Q ¢ ¢ 8 & 9 © o 5 e o o o @

©
]

-
b4
X
-
I

*ON L33HS 311IVLADO VR




@ 6 ¢ © ¢ ®© © © © © © e © © © o O

nNﬂQlﬂ‘ONQOE

“~OoMDDeM
] L I |

COOCOO0OOR0OQOD OQ ™ vt s5 ot ™0t ot vt vt =i ot s

VM~ O

QAP VDVLIM NSO =AM T
LA T R I T R I )

MOAN=MO=AMITNONDO

<
'

v
v
v
v
v
v
L4
v
v
v
v
L4
v
v
v
v
14
b4
v
14
v
v
L4
v
v
v
€
€
€
€
€
€
€
€
€
€
€
€
€
€
€
1%
€
€
€
€
€
€
€
€
€

® ¢ ©¢ ¢ ¢ © © ®© e e ¢ © © o e o O




OGOV EMNMNAND s YMTNO~DOR

- OO
-]
L

@
®
o
@
®
®
3
e
®
®
®
®
e
@
®
@
®

T e et e e e et e e S NNV NNNNNNNNNNNN NN

S e et o v D v N e e w) PG MY PR g et 4O e o o o0 e PN G en g W e e e et v
fOLLVLVVHODVLODLELLDOLODVLLOLOYVLODLOEBRN VYL COYCOY

“OmMNMTIDON~DO
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN




QOO0O0O0CO0O0COOOO = =~ wj

NANNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN NN R
ERPMNBDNMNNODODDNRDOOVVDIVODDDNDODDDBINARARROOOOO O O
NANNANNNNNNNNNNNNANNNNNNNGNNNNNNNNANNNNNNNNN
NANNNNNDIMMMIMOOMOQONIOMMMMMODNMEOINNMONMNMMNeETITIITESET

b g
I
14
I

*ON 133HS ALIVIVADIVH

® ©¢ ¢ ® © 6 © 6 & 0 @ o0 © © © o 9

@
1 6
K
{ o
K
®
®
®
| o
K
®
{ @
e
®
@
e
©




MANSQ=NMITNOMNMDO

QM QO =
LI I I I )

o
[

OO~ N
- et ey

TMNAOmNMTOOMND

Q@00
[ S T I |

< AU L O B Bt B B e Bt B B B B e B B e B B e B R I T e R B N R N e L N N N e R e N Rk R R R B B B

N=wO=maAMmMTOOMD

-4
4
2
2
2
4
2
2
4
2
2
4
2
2
2
4
-4
2
2
2
2
4
-4
2
2
2
4
2
Z
Z
4
4
4
2
-4
4
4
4
2
2
4
2
2
-4
2
4
2
4
2
2
2

docoadOOOROO

RMNSDaNNMITOOMNDO

10
[

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

cqc@eqqcqcccqceccmmmnnmmmm\nmmmmmmmmmmmnmmmmmooocoooo




":O"‘NI")QIDOP‘QO

@ MmN
[ I |

Lt B B B T B e Tt Bt T B R B e B e R N T N N N N N W N N R R

MMM IMNMHIMEI ST T CETT T

NANAUNANNNNNNNNNNNNNMNNNGNNNNNANNNNNNNN

O mNMTODOMNDIODO
[] -

onemn
R A ]

NANANNNNNNNNNNNNGNNNNNGNNNONNNNNNN NN

OOV OVVOVOOOVOOOOOCOOONNNMNNNNNNNNNNNNNN

® © o ¢ » © o o @ © 6 6 ® ©6 0 9 ©




e~ 0O0Mm
-
1

DOANOODEITMANNOaNMT DO O
L I D B B I B A

')
OU;)QMNTQ“N“Q

[3
NN eNNO

LI TN S
L]

Q-
-

(.\lTo—NﬂQ'OWFDO
L2~

m
]

[
nmmmmnnnnmmnnmmmnmnmnnmnmmnnmnnmmmnmmnnnm
TIIICTICIIIINIITNLOODOVVLOLOOLOODOOYYO O DVwOOOWY 0N 0 O O

N=QOQ=ANMTODOM

N

-

[
#QQQQ’?Q'QCCCCGQOOQQ#QQCGQQOQ¢C¢¢00Q¢¢Q¢¢'
NNNNNNNNNNNNNNNNNNNNNHHI")HF\Hnﬂnmﬂﬂnnr’)nnmﬂn
mnnnnnnmnnnnnnnnnnnnnnnnmnnmnnﬂnnnnnmnnnm

L4

z

¥
-
»
X

JLITIVADVNA

©
o
@
e
e
®
®
o
®
®
e
L
®
®
o
®
®




O=mANMINONDO Of

- N

O e MN -
[ I I I |

coovomaamns o
L]
ceoOwOMMMOM

mmmnnnnnnnnnnnnnnnnmnmnnmmnnnnmnnnnnnmnnnnmnmcccocc

~m
.
v n

oMW
-

m

N

» o 0

.
MOMOIMITUMOITNOYN

DN TDHOMNNDLTOND O ~
.

Q@~O
U

- OO
- oo |
[}

Oh~hDORMNN
-t
L ]

MN=OmANMeO

OO~ ONE
LI I I R I A |

N=QmANMeODOdMDIOM
[ | T

CUM~NOWREM
LI I I I A |

mnnnmnnmnnnnmmnmmnnmnnnnnmrnrnnnmmnnnnnnnnnmnnnmnnmnn




M=o aMdoOlem
TTTTI!II LI |

MO=mNMITOOMND O

*QCITCETIICETCTITCECCET T Q

OCOOVOOVOVOVVOVOOVOCOOVOOOVOCONNMNNNRNNNNNRN

T T LTI AT T GECCCQTTTTITITT TS T T e

QO OO OO ™ o0 o o4 5o ot ™ ot \a =0 =t o0 0t &0 54 md o0 vt ot o ot oo s N YN

TN O-NMeDHO

?T?TTO-‘NI’)Q\OONQ

L B Bt e Bt Bt Bt Bt Bt Bt ot It T B B B e R T I o B B I B T B R N T I N B I )

DO ROVYIXBDRIIVRPROOAINORCORRAOIQROORCOODO

® ¢ ©¢ ¢ ©¢ o ©¢ © © © 6 © ¢ © © o O




N -
-y
"t

N OQmuNMEITNOM

STNMETOdD OO
-
NmwOQOMOoWme
T-t-.nl I I I |
]

DVLVLVOLVLPDDLLLYVLOLLOEVVLLVLLOUYLVLOULYVYVLOLOIVLOVLDOVOYYOI WY
COOVOVOVOVOOOOVOOOONNNNENRMNNNNNMNNNNRNNANANOD DO ®© ©
BRDOOUDLOOLLLOLLVLLOVOLVLOLVLLNLVLLVVOLLYLVLVLVLLOY JOBO
oooooogunn—--—o—-ﬂnum—nu—-—uu——-uNNNNNNNNNNN

m

]
1?-3###Qﬂ#¢#€ﬂﬂ#¢¢¢0¢¢dQQQQQQQQCQQQQOQ#QQQQ
hbhhhhhhhhhmmwmmmmmmmmmmmmmmmmwo«aooooaooo

NwOemNMITPOM®D

x
T

4
I

-
x
I

*ON L3IIHS 31IIVAD VK




@
@
®
e
L]
®
d
®
L
®
®
®
@
®
®
®

VYV VLVLLOVLYLVLLLOVLLLVLOVELVOVVLLVLLVLLLLVOLLROLOILLLVLVLOLOLLLLL D

DOV RVDODDPODDDDODOORAARROPPORAOOORBOR

TO"NMOI{)OFQOO
-

OOV MAN
(IR I I I A |

o N
"~
]

= OmANMEeWO~MDO

DERVLDVLYLLOLLVLLLLLLDLOLYRLYVLYOVYLYLYLLYLLLYLYVLOLYLLYLLLVLOLYL VLYWL O LE

NANNNANNANNNNDMIOMEMMOIDIIIMMMIIMMIMMIMMMIMNeceedeTddadeed e

N
- -
LI}

N=ODeuMITNOM

LT ?

=

T T IIII VTSI ITCIITTIAGAIIGCRL AL I AL IAIRIIIITIITC

cCocrOQOOQ

® © ©¢ @ @ 6 © @ @ © © ® © ® © © ©




®
)
®
®
®
®
®
®
@
®
®
e
®
®
®
®

DVOVLOVOLOVOYOVLVUTOVOUVLPVVLDLODODVLOVLLLOLLOLDOWY

un:n:nmmmmmmmmmmmmmmmmmm\nmmmmmmmmmmmm

c¢cccq-nwmmmmmmmmmmnmmmnmm\nmmoooooo

T T T T I T T ITLIILITITTLITIIISIICAIIICTT DO OW




NMmeHoOMdMDOO
-

DIeTMN—O-
LI ] i

o
'
’_1Q-4—q-q-—qnn—;n———u—uumﬁ—q—n—NNNNNNNN

00000000000000\10000000000000000'\00000000\0‘\0
1
IﬂlﬂO'OO‘O‘O'O‘OO'O‘O'OOO000OOOOOOOOOOOOOOQOUOO‘OOOO

TMaNMIONOMNDO

?ITOoO00O0Q0QO0COO0

NNNNNNNNNNnnnnnnmﬂnﬂﬂﬂmnnmnnﬂﬁcﬂQQQQ(Q.GQC

“MO=SNMEeDOMODO

-

I
4
-
w
I

“gN 133IHS JLITNIVAO YN

OO@OQQOQOOQOGQOOQ

® o 9




®
°
®
®
°
®
°
®
°
e
e
°
e
®
®
°
@

CMN=OmONMmeNn OO

~ oo
t 4t

T N S A S A N A N A N A N N N N N Y Y Y Y YY.

I T VLVLLVLVLVLVVRVLVVBLODVOVONOCOYOOCOVOOVOVOVOVOVYOOVOVDOMNNMNNMNAENMNAENNNNSNNS

O‘O\OO‘OOOOOOOOOOO‘OOOOOOOOOOOOOOOOOOQOOOOOQOOOOOOOOOOF

CoiRe B N e R N e R N e o - e )

=OOOMOVNLITMNMNEO=NMTDONDO
TT! LI I T R e I I |

O mNM@N OO

VOOV UVUOOVOVOVIVVIYYUVUUOUIOVIVOYYOVIOVYOVOVOOOVOVDOLCOVVYOIOVOVOOVOOO VOO O ORN

NAUNNNANNNNNNNANOMMMOMOODMMOMIOD MMM MMNINMMNMMMNeITIOITIIITIIIITT T




O L L N T T I T T N Y Y S arary

FOODDORODDVRDODDROROORROOARALO

s 8 3 0 8 0 s 0

¢ 5 5 & 5 8 8 & 0 0 ¢ 0 8 s
NNQNﬂNONI‘)"NMmCONIDNNFNQMNNN

CMNMONMOMMNMMNTEeNO~=ANLCLTOIONO~OW

NS N NSNS RAENNERNNNSNNNSNANRNNNSARNNNNENNSNNS

QOO0 QOO O © * vt = vt vl ot vt ot v 4 ot ot vt ot md oo o s NN U NN YNV ON N

VOYOOVVYOo2YUOUVOVVOVYVUYYVOVYOVOIOV OV VOO OOOY

BT T OOV OVUDLOLVODOOYVDOIOYNOYOCVYOOVOCOVO




~
v

MO OO

VO LTMAN=O~NMIDOM

1

~
[}
DO OO OO O = ot =t omt ot vt vt o vt on ot vt b oo (O

NeaNmT O™

mn
[}

L4
1 ]
CRRAESNMNODDIDDIDIDIVDNODODDIORDOOD O

OO DXDARDDVDDOND DD ODDODDDDD DD
TLECIICILICTITNLULVVLLOVOVYOWVOC O

NNNNNNNNNNNNDMMMMMAMOD MmO MmMmMn <

TV VDAODDODDDNDODDDDR DD .

-
[

x
X
o
T

Y3

*ON 133HS FLITIVAIVA

® ©¢ ¢ 0 ¢ © 0 0 © @ 9 © © © © 3 ©

®
®
®
®
®
©
0
e
e
]
L
L
@
@
@
e
@




L= - = - - - - - - - N - N~ R - - - - R N - - - N - - - -
NNMMOMMMMOMNMMMEIETITIIETITILLNUODNOOQ
LR BB R N = - R N N R N Y - - N e O Y S S - N - -
QOO0 O0O0COO ™ mmummemememmm\INNNNNNN
T OD O D DD DD DDODDDVDDDOIDO®
VOO IO OOV OOONMMNMNMNMNNMNNMNMMNODDD O O D

E4
I
b4
T
k%4
I

*ON 133HS FLINAVIOVN






















dard errors refer to the last digit.
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Table 6a. Ruizite:
The coefficients are each x10°.

+Coefficfents in the ex
2U13hf + 2Uz3%2].




Table 6b. MacFallite: anisotropic thermal vibration parameters.t

Atom Uzx Uas Ulz Uis Uas

Mn(1) J7(3)  17.8(6)
Mn(2) .2(3)  23.3(5)
Mn(3) 5.3(3) 21.2(5)

ca(1) 4(4)  23.6(7)
ca(2) 6.0(4) 26.5(8)

si(1)  3.1(5)  20.5(10)
0(1) O0{11)  22.1(25)
0(2) .7(13)  36.6(40)
0(6) .7(8)  23.0(21)

Si(2) .6(5) 18.3(9)
0(3 J(12)  26.7(29)

1

OCOOO [ Nl oo

]
l=je o)
NNO
~——~—
R
S S St
A~
B
Nt it St

ot d -
[ TR SN TS
et s

o(qg A(11)  24.9(27)

o(7 .4(8)  22.9(21)

Si(3) .2(5)  18.6(9)
0(5) 6(11)  22.0(24)
0(8) .9(7)  20.6(16)

0H(1g .6(14) 21.95253
OH(2 .2(13) 23.8(27
OH(3) .7(14) 30.2(34)

tCoefficients in the expression exp-[Ui1A2 + Uypk? + Ussl? +
2U o0k + 2U13hR + 2U,3k2). Estimated standard errors refer to
the last digit. The coefficients are each x10°2,
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Table 6¢c. Orientite: anisotropic thermal vibration parameters.®

Atom [{F%Y Uzz Uss Uiz Ups Uzs
Mn(T) 30.0(17)  5.5(3) 53.5(34)  0.1(7) -0.0(25) -0.4(8)

Mn(2)  138.6(99) 19.1(16) 230.8(157) O
Ca 87.1(38)  5.3(5) 71.3(51)  1.7(10)

Si(1) 93.4(97) 10.4(12) 145.0(139)
0(3) 83.5(142) 4.2(16)  83.5(799)
0(4) 52.0{104) 6.3(16) 107.7(218) .5(130)

37.3(41) .3(6) 60.5(69)
32.7(69) . 88.6(142) .6(76) -
33.3(104) . 68.1(185) .

0(5) 37.4(111)  7.8(19)  95,0(197)
0(6)  127.7(207) 14.5(27) 210.0(326) -6. 0

13.5(110) 0
0 0

.1(30)

oo OO (e e N an]

TCoefficients in the expression exp-[Urih? + Uzak? + U382 + 2Uy 0k +
2Uy3h8 + 2Up5kR]. Estimated standard errors refer to the last digit.
The coefficients are each x10*,
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K

=
-

K L FC K FO

=25
-1g

b b b bk e e e s gt
L L O SR,

101010 10 (0 L0 10 D 10 40 1O A0 1D WD O LD 1D 10 10 1D D 10 4D W0 8 D \D O
i

P et et bt bt Dt bbbt bt bt et
x.aaua:-a:-:-mwwwuwwmwwwmmmmmmwmmw.—_....— =

-~H“H~HQﬁhé&huaamanmmmmwﬂwwﬂwummm
0 kbt b kbt bt 1 B ket g

mmmmmmmmmmmmmmmmub&&bhaaahamwuwmww
-

wmmummmNNNNNNNNNN'—-—~——H~—»~»-'-Hlnaamah

5
5
5
)
5
5
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
8
]
8
8
8
o
')
o
o
4
a

i o S U
el A S I S,




OBSERVED AND CALCULATED"STRUCTURE FACTORS FOR RUIZITE DATA RED 11/6/82 :
K

—

K L ’ K H

7
9
-18
-8
-6
-4

e e e itk k0 e T bk e 0t ha D s Bt kb ot G e Bk et et b
RN 5 40 e 1t bt b 0 e Dk Dk ok bt po n b bh bbb bt bt bbb 1k et
MONNNNNOOOOOOIONNIINUNIAIINISa RS WW =~
WWRHWWWWHURRNNNNNNNN -~ = ———goiannanen
QRRORNNNNNOOANAOAOCONRANUAARERBELEENAW R

00 0 L0 W LD LI G G R AN N NI T TN BN RO NI PO 1N 4t s 1t e 1t i bt bt 1 i e R IR

4
5
5
§
5
5
5
5
5
5
§
6
6
6
6
6
6
6
6
7
7
7
7
8
8
8
I’}
a
a
7
8
bl
)
i1




W

=y

_—

MICROCOPY RESOLUTION TEST CHART
NATIONAL BURSAU OF SIANDARYS-|963.4




OBSERVED AND CALCULATED' STRUCTURE FACTORS FOR RUIZITE DATA RED 11/6/82 .
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OBSERVED AND CALCULATEDCSTRUCTURE FACTORS RUIZITE DATA RED 11/6/82 PAGE 12
FO FC K L FO FC K L FO FC K L FO FC

24 29 28 -38 3 18 29 =29
-4 2 18 15 ~-16 3 18 18 =16 2 18 12 -8

5 43 39 19 a 19 21 -17
=23




The structure of lawsonite from the atomic coordinate parameters of
Rumanova and Skipetrova (1959). In this figure and in the Figure 5
series, the octahedra M are stippled and the tetrahedral T-0 bonds are

drawn as spokes. Some Ca—0 bonds, mostly t7d

Ca, are drawn as dot-dash
spokes. Some symmetry elements are shown. Heights are given as

fractional coordinates with respect to the 6{:7\ axis. These diagrams

15

exploit the Projection featured in Figure 2

Representation of the ardennite structure down [010]. The coordinates

are from Donnay and Allmann (1968).

F; 5d. Representation of the julgoldite structure from ATlmann and Donnay

(1973) down [010]. Pumpellyite {s isostructural to julgoldite.

6b. Tetrahedral interlayer Tink in ardenrite down [100]. The [Si3010]
unit can be readily seen. Note two [Si(1)04] overlap with [As0,] in

this projection but they do not form links to each other.

6d. Tetrahedral interlayer 1ink in julgoldite down [100] showing [Si,0,]
and [Si04] units.

6f. Tetrahedral interlayer link in Tawsonite down [010] showing the

[S1207] unit.




END OF SUPPLEMENT MATERIAL




