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CATOPTRITE AND YEATI{ANITE STUFFED
PYROCHROITE STRUCTURES?

P;rur B. l4oonn1, Naturhistoriska Riksmuseets M,ineralog,iska
Avdelning, Stockholm Swed,en.

Arsrn,lct

Catoptrite and yeatmanite are two peculiar silicoantimonates of manganese rvhich can
be described by the general formula X2+1aY3+'a+aSb25+zrz+^+grn. The catoptrite structure
cel l  contains two such molecules,  wi th o:565+.01,  b:22.92+ 06,  c:9.06+.01 A,  B
:101"30'*15'. The triclinic cell o{ yeatmanite is easily related to catoptrite.

Catoptrite has a remarkable substructure, pronounced on hkO photographs, obeying
the condi t ion h:3n and k:7n,  where n:0,7,2, .  .  .  ,  and the space group cr i ter ia.  The
substructure can be easily satisiied by an equation describing abottt 77a/6 of the total struc-
ture cell scattering matter, distributed in unperturbed pyrochroite like sheets.

INtnonuctrox

Catoptrite was described as a new species by Flink (1917). Type mate-
rial occurred at the Brattfors Nline, Nordmark, Sweden, as jet-black
crystals embedded in crystall ine l imestone containing grains of ganet,
magnetite, and manganosite. I have studied the ,,manganostibiite" of
Igelstrcim (1884) from lrloss ltt ine, Nordmark and have found some of
the specimens to be identical with catoptrite. Furthermore, the ,,hema-

tostibiite" of Igelstrcim (1885) occurring at the Sjct l,{ ine, Grythytte
Parish, Sweden is identical with catoptrite.r Thus, catoptrite may be
a more widespread mineral than previously suspected.

Yeatmanite, added to the l ist of new species by Palache, et al. (1938),
is a very rare mineral occurring at Franklin, New Jersey associated with
green wil lemite and sarkinite in thin veins cutting granular ore.

Both minerals are closely related; unfortunately, Palache et al. djd, not
realize this and no detailed studies were undertaken on catoptrite. Both
minerals may be regarded as complex sii icoantimonates of general com-
position XraY+SbrZzO2e where X:l{n2+, },Ig2+, Fe2+; Y:Al3+, Fe3+.
Z: St4+ in catoptrite, and X : \[n2+ , Zn2+ ; \' _ Sia+; Z: Zn2+ in yeatman_
ite. The general composition is unique among minerals. Catoptrite is
monoclinic, and yeatmanite is tricl inic. Itesults of studies offered here
indicate that the pot-pourri of elements reported in the analyses for the
two minerals is the true state of affairs.

Detailed structure cell studies on catoptrite, reported in this article,
not only demonstrate a close structural relationship between the two but
also suggest that their structures are built of the simple motif of rather
regular pyrochroite-l ike octahedral sheets.

r Present address: Dept. of Geophysical Sciences, University of Chicago, Chicago, IIl.
2 

"Hematostibiite," chronologically, has priotity However, it was poorly studied ma-
terial and the more frequently used catoptrile should be retained.
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Tnn Srlucrunn CBrr, on C,qroprrtttp

Excellent singie crystals of type catoptrite were available for study.

Flink (1917) established the mineral as monoclinic prismatic, with

a:b:  c :0.3981 :  1:0.2450,  B:  l } lo l3 '  ,  po int  symmetry 2/m.

A prism of dimensions 0.2X0'2X0'4 mm was subjected to rotation and

Weissenberg *-ray studies using filtered copper radiation; the derived

structure cell parameters are listed in Table 1 along with the data of

Palache et al. (1938) for yeatmanite in a new orientation'

The agreement between morphological data and structure cell data is

Tlsr,r 1. Srnuc:runn Cnr-r- Dlrn' r'ot Cnroptntrr .tNo YeanuAlqttn
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1 Structure cell <lata of Palache et ol. (1938) , reoriented so that ao"*: cota,bnew: - botd,

'F l ink (1917) g ives morphological  .245:1: .398,  B:101'13' ,  h is o and c axesinter-

changed.

excellent, requiring the simple transformation (001/010/100)' The

density of 4.56 was determined with a N{ettler balance cup suspension

system using air and CCIn as weighing media.

There is no need to reproduce the analysis of Flink (I9I7) which can be

conveniently found in Palache et at. (1951) as it seems to be essentially

correct,l even considering the peculiar composition of catoptrite. The

analysis computes to very nearly (NIn.s6, Mg.ro, Fe.on)tnt+ (Al.rt, Fe.tz)nt+

SbzSizOrg, yielding a calculated density of 4.65 for two formula units in

lhe structure cell. Considering the complexity of the substance, the agree-

ment between densities is good.

Litt le need be added to the physical data of Flink (1917)' except to

t I have just received a probe analysis of catoptrite, kindly undertaken by Prof. J. V'

Smith, which verifies Flink's analysis.
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nention that in the course of this study, catoptrite crystals were found to
be magnetic.

Partly indexed powder data for type catoptrite appear in Table 2,

I',,\eLr 2. Poworn Dera lon Cnrotrnrtl, "HEMArosrrerrrr,, aNo "MANceNosrre[rn',
(rN Penr). Fe/Mn Rauerron, Celrenlrnl Ftrus, Ixrnxsrrrns Vrsuel
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1 From 57.3 mm cameras.
2 Some, but not all, manganostibiites are identical with catoptrite.
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along with data for "manganostibiite" (in part) and "hematostibiite" of

Igelstriim. No discussion is offered on the latter two materials as the re-

sults of more detailed studies on Igelstrcim's poorly described antimo-

nates including the aforementioned two shall appear in a separate paper.

The optical data offered in Palache et al. (1951) for "manganostibiite"
and "hematostibiite" (p. 1027) properly refer to catoptrite. Unfortu-

nately, the chemical analysis cited under "manganostibiite" refers to a

different material (manganostibiite proper) which is presently under in-

vestigation and is not related to catoptrite, but appears to be a new poly-

morph of the braunite-l&ngbanite group.

DrscussroN oN CAToprRrrE AND YB-q.rueNrrn Cnvsrar Srnucrunns

The hkO and Okl Weissenberg photographs for catoptrite demonstrate

a very pronounced substructure. The appearance of very strong intensi-

F-rc. 1. A regular pyrochroite sheet with the catoptrite (c) and yeatmanite (y) a arLd b

axes superimposed. Numbers refer to oxygen positions'

t ies fulf l l ls the condition that k:7n, noticeable if b-axis rotation photo-

graphs are taken.
The reason became apparent when the relationship b/7:a/1/3 was

discovered. The identity of 3.27 A suggests a l{n-centered oxygen octa-

hedral edge distance and the relationship between the o and 6 axes can

be satisfied by a regular unperturbed pyrochroite sheet. The projection

of the o and b axes of catoptrite upon an unperturbed pyrochroite sheet

with metal-metal repeat of 3.27 A is shown in Fig. 1. The octahedral cen-

ters a long b lor  X/  a:0 fu l f i l l  the condi t ion p/7 where p:0,1,2,  '  '6 '

Lt X/a:\, the centers repeat along 6 according to the condition (2pll)/14,

whe re  p :0 , ! , 2 , ' '  ' 6 .  One  such  shee t  con ta ins  14  \ {n -cen te red  oc ta -

hedra in the structure cell. Assuming another identical sheet resides in the

cell, oriented in the same fashion with respect to o and 6 but translated
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along c*, all 28 Mn atoms in the structure cell can be accounted for. This
represents roughly 43/s of the total scattering matter. Furthermore,
there are constraints upon the oxvgen atoms. The oxygen atoms labelled
1,2,3,  and 4 in  F ig.  1,  repeat  according to the condi t ions |orXf  a: ! ,
Y /b :p /7 .  whe re  p :0 ,1 ,2 ,  . .  . 6 .  Th i saccoun ts fo r  56  oxvgen  a toms  o r
roughly 34/s oI the scattering matter. In toto, from the model presented
here,77/6 of the total scattering matter is defined for an hkO projection.

On the hkO Weissenberg photograph, the following reflections are so
intense that they render all other reflections relatively weak:0, 14,0;

:p'
Frc. 2. Reciprocal net (o*6x) for catoptrite with approximate intensities represented as
circular areas. The quadrant of circular arc represents the timits of the copper sphere.

0, 28, 0; 600; 370; 3, 21, 0; 6, 14, 0. To display this phenomenon, the
reciprocal net is shown in Fig. 2 with the circle areas approximating the
relative intensities. Extremely intense reflections, from a relative sense,
also appear on Okl photographs for k:14 n.

The geometrical structure factor accommodating the manganese and
oxygen criteria as derined above for the hkO projection (and scaled as to
the scattering densitv percentages's') can be stated in the form S cos 2 zr
hx cos 2 zr ky for h+t :2n. The "S', values, as given above were obtained
by dividing the total number of electrons attributed to manganese and
oxygen respectively by the total number of electrons assigned to all atoms
in an asymmetric unit of structure. To a crude approximation (since the
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scattering curvcs for manganese and oxygen are not congruent to each

other), the value of 23 electrons was assigned to NIn2+ and 9 electrons to

or-.
The manganese contributions are

6 ,

43 ! (cos 2rh(0) cos 2rk(2p/r4) * cos 2rh(1) cos 2rk((2p + 1)/14)l
p:0

The oxygen contributions are

34 i cos2oh(1 /3) cos2rk(2p/14).

This condenses to
6 6

43 I {cos 2nkp/7 I cosrhcosrk(2p+D/71 +34t cos2rh/3cos2rkp/7'
p=0 P--o

Clearly, complete "in phase" diffraction is assured if h:3n and k: 7n,

where n: O,1,2, . '  '  .o. These are just the conditions noted on the hkO

Weissenberg photograph. No other reflections of this type were observed

due to the limitations of the copper sphere.
For two such pyrochroite-like sheets in the structure cell, their separa-

tion is expected tobe (c/2) sin B:4.47 L. This is similar to the pyro-

chroite inlerlayer distance oI 4.69 A. T.ne metal-metal distances within

the layers and the distance between the layers are apparently shorter

than those for pyrochroite due to the presence of the more tightly bound

02- in place of OH-.
Catoptrite appears to be a stuffed derivative of the pyrochroite struc-

ture. The added "stuffing" consists of the remaining Al, Sb, Si and O

atoms' apparently between the pyrochroite-like layers. Assuming 4-co-

ordinate Al and Si and 5-coordinate Sb, all oxygen atoms in the structure

could conceivably be related to these ligand centers. As yet, the positions

for AI, Si, Sb and the remaining O atomsl are not known, so no further

discussion shall be offered.
Yeatmanite and catoptrite appear to be closely related. Catoptrite has

aperfect [001] cleavage which is the plane of the pyrochroite-Iike layers.

The perfect cleavage for yeatmanite is parallel to (001) for the orienta-

tion in Tabie 1. Hence, it should be possible to fit the o arld b axes and the

angle 7 upon the pyrochroite sheet. An excellent f it is made if o yeatman-

ite:a catoptrite and 6 yeatmanite: (a-lb)/2 catoptrite. The angle 7

calculated from an unperturbed pyrochroite sheet is 76"06., in excellent

agreement with the observed data. The metal-metal distance for yeat-

,nanit" is 3.19 A, shorter than the 3.27 L displacement computed for

1 If Sb is trivalent, then there are 56 oxygen atoms in the structure cell Since these are

accounted for in the sheets, there may be no oxygen atoms between the sheets
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tance within octahedral Iayers for yeatmanite rerative to catoptrite.
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