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ABsIRAcT

" f 
gf^ X\"t:, I a;!y ,llvutnpz(zn,Be)2Be6(sio)6(si2o7)4(oH,D6, is monocrinic , H.r/c, wirth a 9.068(2), b t7 .ggz(2),

c 14.586(2) A" B I M.86(1)., and Z = 2. It occurs as coloiless 0.05-mm_d-iameter crysals in dnaraaite-tineO *gi io t*ttinlt"- willemite ore from Franklil 9rry9x Cgyntf, New Jersey. Electron- and ion-microprobe analyses yielded dao 34.1, MgO
0.2' MnO 9.3,7no 9.5, Beo 5.6, sio2 36.9" F 1.0, Hzo (bi difference) 3.8, less o=F b.4, total tbo 'iTo. opacalty,it is biaxi-
al legative, 2V 29.0(l)", with o 1.674(3), p 1.680(3t, andl 1.631(3). The measured and calculated densities arel.Z8 t 0.OS
y!-2:2],f!:y',^':1ry:!.Ig!i;]: rg:ig:ll.gg-*-ger tiar-aiftactioLlines are [d in A(rynrcD]:2.863(1q0xt1,053),
2.6??(sj)91!+^?.189(s0f!3-14,172), 2.771(4q62s), 2.n2Q0)(r72,n4,402,Tsr, Lasz3q?tq,-r.860(2q?n-,4.06"066),
and 1.803(20)(381'0'10'0,382).ThecrystalstructurehasbeensolvedandrefinedtoanunweightedresiouarofO.04j for2495
observed reflections. Although samfowlerite is, strictly speaking, a mixed-anion (SiOo and Sir6r; silicare, the sffucture may be
viewed as being composed o{ layers of vertex-sharing lOo tetranedra (I = Si,Be,Zn) atternating with layers of vertex- and
.dq":t!ri!q CaO3 bicapped trigonal prisms and MnO6 octahedra, the layers being paralleito (102j. The IOo groups
99-9u9aVl"O6 groups share vertices with one another across the layer boundaries to form the three-dimensional itructure.
Within the layers of tetrahedra, the ?0, groups form a network of 4-, 5-, and 8-membered rings. The apparent substitution of
Be for Zn in the ratio 7s to 3/s on one of tle T sites suggests fhat the space group F2y'c is only 6at of an'average structue, and
that the true structue is of lower symmetry, with ordering of Zn and Be onlrp*ut" iit"s.

Keyttords: samfowlerite, new mineral species, crystal structure, beryllosilicate of calcium, manganese and zinc, Franklin, New
Jersey.

Sotvnr,tans

^ ^!:_:.-{gy1qte, de comp-ositi9nl{{ate, CaroMryZn2(ZnBe)2Beu(SiO)6(Si2O7)4(OH,F)6, est monocliniqae, p2r/c, a
9.068(2)' b 17.992(2), c 14.586('') A, p 104.86(l)", avecZegd a z rdsqisi;;x, itcliior"r er 0.05 mm de diam6tre, tapissent
avec l'andradite des cavit6s dans le minerai i franklinite + wiitemite de la mine Franklin, comt6 de Sussex, au New Jersey. Les
analyses aux microsondes 6lectronlque_tonique indiquent CaO 34.1, MgO 0.2, MnO 9.3, ZnO 9.5, BeO 5.6, SiO2 36.9, F
l.-0,- H2O (par diff6rence) 3.8,moins O=F 0.4, pour un total de 1007o (par pords). Il s'agit d'un mindral biaxe n$attf,2V
?9:0(ly, avec a 1'.674(3). p 1.680(3), et Y 1.681(3). La densit6 mesurde esi oe :.zt t 0.05, tandis que la densit6 calcul6e est de
I 1l:F:lgt:t^"s^l1s_9119=rltegses du clichd de dilfraction (m6thode delpoudreo [d en A(D(&ftt)] sonu 2.863_1100)(321,053),
2.6s3(s0)(25r),2.388(s0X34,1-72),2.771(4q62r,2.n2Q0)(172,n4,4:O2Jss): i.tZz<tol)6tq: L860(2q(j27,406.066), er
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1.S03(20X3S1,0.10.0,582). Nous avons affin6 la structure cristalline jusqu'l un rdsidu non pond6r6 de 0.M3 pour 2495 r6flex-
ions observ6es. Quoique la samfowlerite es\ sensu stricto, nn silicate h trame mixte (SiOo et SirOr), on peut consid6rer sa
structure en termes de couches de t6trabdres ZOa i coins partag6s (? repr6sente Si, Be et Zn) d'une parL en altemance avec des
couches de polybdres CaOs en forme de prismes trigonaux bitermin6s et d'octaddres MnO6 qui partagent coins et ar0tes d'autre
part, ces couches 6tafi paralldles d (102). lrs gtoupes IOa et les polybdres CaOs et MnO6 partagent des atomes d'oxygbne
apicaux pour former une charpente tridimensionnelle. Dans les couches de tdtrabdres, les groupes IOa sont articul6s en
anneaux de 4, 5 et 8 membres. La substitution apparente de Be pour Zn dans une proportion de 7e b 3/e dans un des sites Zfait
penser que le groupe spatial P21/c s'applique seulement a une structurc moyenne, et que la structue possbde en fait une
sym6trie plus basse, avec mise en ordre de Zn et de Be dans des sites s6par6s.

(Traduit par la R6daction)

Mots-cl6s: samfowlerite, nouvelle espdce min6rale, structure cristalline, bdryllosilicate de calcium, mangandse et zinc,
Fralklin, New Jersey.

INTRODUCTIoN

During an examination of late-stage minerals
occurring in vugs in ore from Franklin, New Jersey,
the properties of one of the minerals found could not
be identif ied with those of any known species.
Although it occurs in exceedingly minute quantities,
precluding tfie measurement of some properties, we
have nevertheless been able to characterize the miner-
al and to define it as a neiri, species. We have named it
samfowlerite in honor of Dr. Samuel Fowler, M.D.
(L779-l8M), the pre-eminent figure in the history of
the Franklin mining district. Dr. Fowler, a physician,
scientist, industrialist, and entrepreneur, was instru-
mental in bringing most of the great American natu-
ralists and scientists of his time to Franklin and
encouraging mineralogists in Europe and elsewhere
to study the zinc deposits at Franklin. Fowlerite, now
known to be a zincian variety of rhodonite, had previ-
ously been named for Dr. Fowler. The new mineral
and the name were approved by the Commission on
New Minerals and Mineral Names, IMA. The holo-
type specimen is deposited in the Smithsonian
Institution under catalogue number MM254.

OccLnnsNcn

Samfowlerite was originally found on only one
small specimen from the Franklin mine, in Franklin,
Sussex County, New Jersey. The holotype material
occurs in a vug in granular willemite - franklinite -
andradite ore. The vug is partly lined with massive
white garnet of the andradite - grossular series, the
surfaces of the garnet crystals being light orange-pink
in color. The single cluster of samfowlerite crystals in
the specimen occurs on the garnet. The holotype
specimen is a micromount and is part of a famous
Franklin cahnite assemblage found in 1927 and
described by Palache (1935).

Subsequent to MA-CNMMN approval of sam-
fowlerite, an additional specimen was found, and
this permits a more detailed description of the
assemblage. The specimen consists of franklinite -

willemite - andradite granular ore, which has vuggy
areas. These vugs are lined with various minerals,
including sparse 2-cm crystals of willemite and
barite. Garnet (andradite - grossular solid solution),
which crystallized contemporaneously with and sub-
sequent to the barite crystals, also lines the vugs.
Minor johnbaumite is included in the garnet. Indeed,
garnet is the most notable feature of the assemblage,
varying in color and texture from yellow-brown
granular material, to whitish, fine-grained, zoned
material forming dodecahedra, to a thin pinkish
orange outer zone. Of particular interest are very
small, submillimeter-sized crystals that occur as late-
stage crystallites on the pinkish orange material.
These crystals are euhedral, twinned, colorless
cahnite, pseudohexagonal light brown clinochlore
[called biotite by Palache (1935)], thin druses ofvery
pale pink leucophoenicite, and euhedral crystals of
colorless sarnfowlerite Gtg. 1).Although only a very
few specimens are available for study, it can be said
that samfowlerite tends to occur alone in vugs, with
or without clinochlore, and also occurs interstitially to
platy crystals of barite.

Inasmuch as cahnite and associated barite are
colorless to white, other specimens of samfowlerite
may exist unrecognized and perhaps mislabeled as
cahnite in systematic collections.

PrrysIcAL AND OPflcAL PRoPERTIES

The holotype material is a 0.5-mm-dianeter group
of crystals, with each crystal being approximately
0.05 mm in diameter. On that specimen, and on the
small number of specimens subsequently discovered,
the crystals form aggregates like that shown in
Figure 1. Single crystals of samfowlerite have very
smooth, highly reflective faces and are colorless, with
a vitreous luster and white streak; they may appear
white in the aggregate. No cleavage was observed,
but the amount of material studied was so small that
cleavage, if present, could well have gone undetected.
The hardness was not directly determined, but the
mineral is very soft, the estimated Mohs hardness
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Flc. 1 . A cluster of typical crystals of samfowlerite. The field of view is ca. 0.7 u.m in maximum dimension.
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being no more than 3. The density, measured using
heavy liquid techniqueso is 3.28 t 0.05 g/cm3, com-
pared with calculated values of 3.29 g/c# (based on
the cell volume obtained from least-squares refine-
ment using the powder-diffraction data) and
3.3L glcnf (based on the cell volume obtained from
refinement using the data obtained by single-crystal
diffraction). Both values are calculated from the
"final" unit-cell contents given in a subsequent sec-
tion. There is some similarity in appearance between
samfowlerite and some nontypical crystals of clino-
hedrite.

Optically, samfowlerite is biaxial, negative, with2V
29:0( I ) " ,  d ,1.674(3) ,  B 1.680(3) ,  and y 1.681(3) .
Dispersion was not observed. The orientation is I= D.
X l\ 4 = y'lo, and Z tt c = 29". Samfowlerite fluoresces
with a very weak red color in both longwave and
shorhyave ultraviolet radiation.

X-Rey CnvsrauocRAprry

Single crystals were studied by both precession and
Weissenberg techniques. Some precession pho-
tographs were obtained using CuKcr radiation in order
to prevent overlap of reflections from different levels
caused by the relatively large unit-cell translations. A
study of the systematic extinctions led to the unam-
biguous determination of tle space grotp as P2rlc.
The cell parameters measured from the precession
photographs arc a 9.10, b 18.06, and c 14.64 A, B
104.89. Powder X-ray-dffiaction data (Table 1) were
obtahed using a 114.58-mm-diaiireter Gandolfi pow-
der camera, Ni-filtered CuKs radiation, a p^olycrys-
talline specimen, and NBS Si (a 5.43088 A) as an
internal standard. A least-squares refinement of the
cell parameters using nine unambiguously indexable
powder-diffraction l ines yielded a 9.090(7),
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TSE 1. POMB X-SY DX@CTION DATA FOR SM@TE (Mg), manganite (Mn), and synthetic ZnO (Zn). The
resulting analysis yielded SiO2 36.9, MgO 0'2, CaO
34.l,ZnO 9.5, and MnO 9.3 wt%o. An analysis for
light elements with an ion microprobe (SMS) yielded
BeO 5.6 and F 1.0 wt%o.With3.SwtVo H2O by differ-
ence, less O = F 0.4, these total 100 ttttVo. The color-
less nature of the crystals suggests that Mn is present
as Mn2+, and this is confirmed by the results of the
crystal-structure analysis. The unit-cell contents calcu-
lated from the combined analytical data, the measured
density, and the unit-cell volume derived from the
cell-parameter refinement using the powder-diffrac-
tion data ar e Ca27.sM gs.2Mn 6.sZn 5 38 e 1 6.25 i2s.s
O113.eF2.aH1e.3, which may be simplified to the charge-
balanced formul a Ca2sMn 6Zn 6Be r eS i4 O e6 (OH) 1 sFz.
However, the results of the crystal-structure analysis
show that this formula is significantly in error due to
an erroneously low analytical value for BeO from the
ion probe and consequently an erroneously high
assumed value for H2O. The final unit-cell contents
yielded by the structure analysis are
Ca2sMrqZna(Zq.58e2.5)8e12(Siot12(Si2O7)s(OH)rz,
where the F indicated by the chemical analyses.is
assumed to be disordered over the OH sites, since no
evidence of ordering was found, and the Si atoms are
divided between ortho- and disilicate groups.

Srnucrur,s Solrrnox AND REFNEIyDNT

A subhedral crystal of dimensions 0.08 X 0.09 X
0.15 mm was selected for the measurement of inten-
sity data, after a quality check with the precession
method, and mounted on an Enraf-Nonius CAD4
4-circle diffractometer controlled by a MicroVAX
3100 computer. The intensities of 5608 reflections in
one asymmetric unit (including symmetry-equivalents
hl0 and 80) having 20 < 54.9" were then measured
and reduced to structure-factor amplitudes by correc-
tion for Lorentz-polarization and absorption effects.
The latter correction was applied by the psi scan
method of North et al. (1968). After elimination of
symmetry-equivalent reflections, systematically
extinct reflections, and one very low-theta reflection
(100), which had a grossly asymmetrical background
a data set of 5237 reflections remained, of whrch2496
were considered ooobserved" using the criterion loo,
> 3o(Io6r). Additional information concerning intensity
measurement and reduction appears in Table 2. All
computations involving data reduction and the solu-
tion and refinement of the structure were carried out
using the Enraf-Nonius crystallographic software
system MolEN.

The structure of samfowlerite was solved using the
MIILTANI l/82 diect methods package incorporated
in MolEN, supplemented by a series of difference-
Fourier syntheses. The structure (excluding the H
atoms, which had yet to be located) refined to an
unweighted residual of 0.M2 using isotropic tempera-
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a  9 . 0 9 0 ( ? ) ,  b  1 8 . 0 2 8 ( 9 ) ,  c  1 4 . 5 9 8 ( 1 2 )  A ,  a a d  F  1 0 4 . 8 6 ( 5 ) o .

b 18.028(9) ,  c  14.598(1.2)  A,  B tOa.S0(5)o,  and
V 2312(4) A3. A second set of refined parameters was
obtained using 23 reflections between 13" and29" 2Q
measured during a 4-circle diffractometer study of the
crystal chosen for measurement of intensity data.
These are a 9.068(2), b 17.gg2(2), c 14.586Q) A,
B 104.86(1)', and V2300.1(O 43.

Crmncel Coleosrnox

Owing to the extreme paucity of material, samfow-
lerite could be analyzed only by microbeam methods,
and water was therefore calculated by difference.
Operating conditions used for the electron-microprobe
analysis included an operating voltage of 15 kV, a
sample current of 0.025 pA, and a beam spot of 20 pm
for the final analysis that followed tests for homo-
geneity with a small-diameter beam. The following
standards were used: wollastonite (Ca,Si), hornblende
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TSE 2. OGERIWA! DETAIIA TABIJE 3. ATO!{TC COORDTNATES AND EOUIVATENT ISOTROPXC
TAUPERATURE F'ACTORS (42) rN SAUTOWTERIIE
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0 . 1 1 3 6  ( X )
0 . 0 9 9 4  ( 1 )
0.0922 l|t
0 . 0 0 3 0  ( 1 )

0
0  .2475 tU
0.05s1 (1 )
0  .2434 (71
0 . 0 5 1 4  ( 7 )
0 .  0 4 5 4  ( 7 )
0 . 0 8 8 6  ( 1 )
0 . 1 8 6 2  ( 1  )
0 . 0 9 3 6  ( 1 )
0 .  0 9 1 0  ( 1 )
0 . 0 1 6 9  ( 1 )
0 . 2 0 1 6  ( 1 )
0 . 1 8 8 9  ( 1 )
0 .  0 9 5 5  ( 4 )
0 . 1 8 2 ?  ( 3 )
0 .0924 (3 )
0 .  0182 (3 )
0 . 2 2 0 8  ( 3 )
0 . 0 8 3 8  ( 4 )
0 .  0792 (3 )
0 . 1 1 1 3  ( 3 )
0 . 0 9 4 6  ( 3 )
0 .0?91 (3 )
0 . 1 6 3 6  ( 3 )
0 .  0 1 9 1  ( 4 )
0 . 0 1 7 4  ( 3 )
0 .2322 t3l
0 ,1971 (3 )
0 , 1 9 8 9  ( 3 )
0 . 2 0 1 7  ( 3 )
0 . 2 2 1 4  ( 4 t
0 . 0 2 0 0  ( 3 )
0 . 1 0 2 6  ( 4 )
0 . 1 6 6 ?  ( 3 )
0 . 2 3 5 6  ( 4 )
0 . 0 2 4 0  ( 3 )
0 . 1 6 2 6  ( 3 )
0 . 1 0 4 5  ( 3 )
0 .1255 (4 )
0 . 0 8 4 4  ( 3 )
0 . 2 2 0 1  ( 3 )
0 . 0 2 0 3  ( 3 )
0 . 1 4 5  ( 5 )
0 ,229 ts l
0 .  0 0 9  ( 5 )

ture-factors and the site contents Z\.sBezsfor Zn(2).
The latter were obtained from a refinement of the site-
occupancy factor, which yielded 1.53Q) Zn + 2.47 Be
atoms. Discussion of the rationale for assuming the
crystal-chemically improbable solid-solution (Zn,Be)
and the deficiencies in the altemative explanations is
deferred until a later section of this report.

Introduction of anisotropic temperature-factors for
all atoms except Be reduced the residual to 0.053, but
temperature factors of 8 of the 29 anions were found
to be nonpositive definite, and the thermal ellipsoids
of most of the atoms were found to be markedlv elon-
gate parallel to [010]. Assuming that this te*olt i fro-
the inadequacy of the psi scan absorption correction
(which is only an approximation), a second, supple-.
mentary correction for absorption was applied to the
structure-factor data using the empirical method of
Walker & Stuart (1983). This produced reasonable
tlermal ellipsoids for all atoms except O(13), which
remained nonpositive definite, and reduced the resid-
ual to 0.M3. A difference synthesis revealed the prob-
able positions of the three H atoms associated with
those anions, namely O(8), O(13), and O(17), known
from their bond-valence su'l.rs to be part of hydroxyl
groups. It proved possible to refine ttre coordinates of
the H atoms successfully, but not their temperature
f^actors, and the lafter were therefore fixed at B = 1.0
A2 for the remninder of the refinement. A listing of the
50 reflectiops having the largest values of w(lI1o6* *
lFl*1) showed only one, 3.7:18, with a strikingly large
disparity between lltlobs arid lFi"6, and this reflection
was tlerefore deleted from the data set.

The final values of the residuals are 0.043
(unweighted) and 0.049 (weighted) for tbe 2495
observed reflections and 0.182 (unweighted) for all

Al1 ol the ato@ *copt Be and E rels refj.aed uolnq thg
anlootroplc to$IFraLure factors (ul l ) ;  th€ 8160 of H(I)
through H(3) c6rE held constant st  1.0 A2. Th€ contents of
iho Zo(2) gi . !e als asg@d !o b9 (Zn1.s3Bo2.4?),  a6 lndicated
by the sltg occupaacy factor r6fln@ot. Esdt I are Ln glvea

5236 reflecnons. Table 3 contains the refined atomic
coordinates and equivalent isotropic temperature-
factors, Table 4 the anisofopic temperature-factors,
Table 5 the structure-factor amplitudes, Table 6 some
selected interatomic distances and angles, and Table 7
the empirical bond-valences calculated using the para-
meters of Brese & O'Keeffe (1991). Copies of Tables
4 and 5 have been submitted to the Depository of
Unpublished Data CISTI, National Research Council
of Canada Ottarva" Ontario KlA 0S2.
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TSU 6. SEmCtD TMARAIOI rC DISTANCES (A) N NGU6 (o)
IN SAFONSRITE

Polyhodra

.  C a ( 4 ) ' o ( 1 4 )
o  ( 1 5 )
o  ( 1 1 )

o  ( 6 )
o  ( 3 )

o  ( 1 8 )
o  ( 1 6 )
o  ( 2 0 )

M6atr j

Ca (5) -o (1?)
o  ( ! 2 )
o  ( x 6 )
o  ( 2 0 )
o  ( 1 0 )

o  ( 5 )
o  ( 1 )

o  ( 1 2 )
Uoao

ca (5) -o (13)
o ( 2 5 )
o  ( 2 3 )
o  ( 2 1 )

o ( 9 )
o ( 4 )

o  ( 2 8 )
o  ( 2 )
u€an

TABLE 6 - (Cont'd.)

e t 3 ) - o 1 1 3 )  1 . 5 ? ( 1 )
o t 2 7 )  1 . 6 3 ( 1 )
o  ( 1 9 )  1 .  6 4  ( 1 )
o  ( 2 5 )  1 . 6 4  ( 1 )

b a .  L . 6 2

s t (1 ) { (24)  x .620(71
o(19)  7 .624(1 t

o(9)  r .627 t6 l
o(?) r.642t7',1
rean L.628

s ! ( 2 ) - o ( 2 )  1 . 6 0 6 ( 6 )
o ( 5 )  1 . 5 1 1 ( ? )

o(14)  r .624111
o(20)  1 .64s  (7 )
k& f .622

s t ( 3 ) - o ( 3 )  1 . 5 9 4 ( 6 )
o(2r . )  1 .614 (7 )
o(23)  1 .632(6)
o(211 L .554 (? )
uoan I.624

9 1 ( 4 ) 4 1 1 )  1 . 6 0 5 ( 6 )
o (r.1) 1,.628 t1\
o  (6 )  1 .639 (? '

ol29t 1.647 11\
u6e 1.630

s t ( 5 t - o ( 4 )  1 . 5 8 6 ( 6 )
o ( 1 2 )  1 . 6 1 ? ( 8 )
o(10)  r .626(11
o (20)  r . .548 (? )
U€an 1.619

sr  (6 )  -o  (16)  1 .584 (6 )
o(26 t  1 .61? (7 )
o  ( 1 8 )  1 . 6 1 8  ( 8 )
o l22 t  1 .663 (7 )
!:oa! f.620

o ( 1 9 ) - 8 6 ( 3 ) - o { 2 5 )  1 0 2 . 1 ( 6 1
o (13) -k (3) -o (2?) L07 .7 11l
o  ( 1 3 )  - k  ( 3 )  - o  ( 2 5 )  1 1 0 . 3  ( 8 )
O ( 2 5 ) - B e ( 3 ) - O ( 2 ? )  1 1 1 . 0 1 8 )
o  ( 1 9 )  - b  ( 3 )  - o  ( 2 7 )  1 1 2 . 3  ( 8 )
o { 1 3 ) - B e ( 3 ) - o ( 1 9 )  1 1 3 . 4 ( 8 )

U e a n  1 0 9 . 5

lehahda

o ( ? ) - s l ( 1 ) - o ( 2 4 )  X 0 { . 5 ( 3 )
o ( 1 9 ) - S t ( 1 ) 4 ( 2 4 )  r . 0 6 . 5 ( 3 )

o ( 7 ) - s l ( 1 ) - O ( 1 9 )  X 0 9 . 6 ( 3 )
o ( ? ) - s l ( 1 ) - o ( 9 )  1 1 0 . 9 ( 3 )
o ( 9 r - s t ( 1 ) - o ( 1 9 )  1 1 1 . ? ( 3 )
o ( 9 ) - s l ( 1 ) - o ( 2 4 )  X 1 3 . 2 ( 3 )

b a n  1 0 9 . 4

o ( 5 ) - s l ( 2 ) - O ( 2 0 )  1 0 2 . 9 ( { }
o ( 1 4 ) - s l ( 2 ) - O ( 2 0 )  1 0 5 . 9 ( 4 '

o ( 5 ) - s l ( 2 ) - O ( 1 4 1  1 0 5 . 9 ( 3 )
o ( 2 ) - s t ( 2 ) { ( 2 0 )  1 1 1 . 6 ( 3 )
o ( 2 ) - s i ( 2 ) { ( 1 4 )  1 X 3 . 9 ( 3 )
o ( 2 ) - s t ( 2 ) { ( 5 )  r . 1 5 . 6 ( 3 '

!{os x09.3

o ( 2 3 ' - 9 1 ( 3 ) { ( 2 7 )  1 0 1 . 9 ( 3 )
o ( 2 1 ) - S 1 ( 3 ) { ( 2 3 )  1 0 4 . 9 ( 3 )
o ( 2 1 ) - S 1 ( 3 ) { ( 2 ? }  r . 0 5 . 9 ( 3 )

o ( 3 ) - s r ( 3 ) - o ( 2 3 )  1 1 3 . 3 ( 3 )
o ( 3 ) - s t t 3 ) - o ( 2 7 )  1 1 4 . 2 ( 3 )
o(3)-sr(3)-o(21) r rs.3(3)

M e u  1 0 9 . 3

o ( 6 ) - s l ( 4 ) - o ( 2 9 )  1 0 2 . 3 ( 3 )
o ( 6 t - s t ( 4 ) - o ( 1 1 )  1 0 4 . 1 ( 3 )

o ( 1 1 ) - s l 1 4 ) . o ( 2 9 )  1 0 4 . 1 ( 4 )
o ( 1 )  - s l ( 4 )  { ( 1 1 )  . r r 3 . 0  ( 3 )
o ( 1 ) - s t ( 4 ) - o ( 2 9 )  ! . 1 s . 6 ( 3 )
o ( 1 ) - s l ( 4 ) - o ( 6 )  1 1 6 . 3 ( 4 )

Uean fO9.2

o ( 1 0 ) - s t ( 5 ) { ( 1 2 }  1 0 5 . 5 ( 4 }
o ( 1 2 ) - S r ( 5 ) - o ( 2 0 )  1 0 5 . 9 ( 4 )
o ( 1 0 ) - s t ( 5 ) { ( 2 0 }  1 0 6 . 9 ( 3 }

o ( 4 ) - 6 1 ( 5 ) { ( 2 0 )  1 0 9 . 5 ( 3 }
o ( { ) - s l ( 5 ) - o ( 1 0 )  1 1 3 . 8 ( 4 )
o ( 4 )  - s l ( 5 )  { ( 1 2 )  1 1 4 . 6  ( 4 )

b a n  X 0 9 . 4

o ( 2 2 ) - S 1 ( 6 ) 4 ( 2 6 )  1 0 3 . 6 ( 4 )
o ( 1 9 ) - 9 t ( 6 ) - o ( 2 6 )  l 0 ? . 0 ( 4 )
o ( x 8 ) - s t ( 6 ) - o ( 2 2 )  1 0 8 . 8 ( 4 )
o G 6 ) - S t ( 6 ) - O ( 2 2 )  r 0 9 . 2 ( 3 )
o ( r 6 ' - s l ( 6 ) { ( 1 8 )  1 r 3 . 7 ( 4 )
o ( 1 6 ) - S t ( 6 ) - O ( 2 6 )  1 1 4 . 0 ( 4 )

Moan 109.4

o ( 2 2 ) - S 1 ( 7 ) - o t 2 8 )  1 0 3 . 9 ( 3 )
o  ( 2 5 )  - S r  ( ? )  - O  ( 2 8 )  1 0 4 . 5  ( 3 )
o  ( 2 2 )  - s l  ( 7 )  {  ( 2 5 )  1 0 5 . 6  ( 4 )

o  ( 1 5 )  - S 1  ( 7 )  - O { 2 2 )  1 1 2 . 8  ( 3 )
o ( 1 5 ) - S t ( 7 ) - o ( ? 8 )  1 1 4 . 4 ( 4 )
o  ( 1 5 )  - S t  t ? )  - o  ( r 5 )  1 1 4 . 6  ( 3 )

M s e  1 0 9 . 3

and org{

o ( 8 ) - t r ( 1 ) - o ( 1 4 )  1 4 4 ( 9 )
o ( 8 ) - H ( 1 ) - O ( 1 8 )  r 2 2 ( 9 '
o  ( 8 )  - s  ( 1 )  - o  ( 1 7 )  1 4 9  ( 9 )

o ( 1 7 ) - f , ( 2 ) - O ( 2 8 )  1 5 3 ( 1 0 )

o  ( 1 3 )  - s  ( 3 '  {  ( 2 5 )  1 3 0  ( 9 )
o l 1 3 ) - s { 3 ) - o ( 1 9 )  1 4 ? ( 9 )
o r 1 3 ) - s ( 3 ) - o ( 1 3 ) '  1 4 5 ( 9 )

ca (x )  -0  (x7)
o  (7 )

o  (28)
o l2l

o Q 2 t'  
o l24 t
o  (1 )

o  (26)
baD

ca (2) -O (13)
o  ( 8 )
o  ( 4 )

o  1 1 5 )
o 1 2 6 )
o \241
o ( 1 9 )
o ( 1 8 )

rean

c a  ( 3 )  - o  ( r 6 )
o t 2 1 )

o  ( 8 )
o  ( 5 )
o  ( 9 )

o  ( 1 4 )
o  ( 1 5 )
0  ( 2 1 )

u€an

h  ( r )  - o  ( 1 )
o ( 3 )
o  ( ? )

o  ( 1 0 )
o  ( 6 )

o  t 2 9 )
rean

zn (1 l  -o (24)
o  ( 1 1 )

o  ( 5 )
o  ( 2 8 )

Mgan

z\ l2l -O 112,
o 1 2 6 )

o  ( 6 )
o  t 2 9 )

M6an

e  ( x )  - o  ( 1 7 )
o  { 2 1 )
o ( 1 8 )
o  ( 1 4 )

uean

k (2):O (,8)
o  1 1 0 )

i9l?u.
o  ( 7 )
uean

Caoe

2 . 4 7 0  ( 7  t
2 . 4 6 6  1 6 )
2 . 4 1 6  1 6 )
2 . 5 0 2  1 6 )
2.526 16)
2 . 5 2 7  l 7 l
2 . 5 5 4  t 7  )
2 . 1  5 2  ( 7  |
2.527

2 . 4 0 6  t 6  )
2 . 4 r 9  ( 7  t
2.447 16)
2  . 4 8 7  l 1  )
2 . 5 1 8  ( 8 )
2 . 5 1 2  1 1  '
2.620 16')
2 . 7 3 5  1 7 )
2 . 5 2 5

2.402 16l
2 . 4 2 4  ( 6 t
2 . 4 3 8  ( 1  t
2 . 4 6 5  t 6 )
2.493 16)
2 . 6 5 9  1 6 )
2 . 6 5 r  1 1 )
2 . 6 1 8  t 7 )
2 . 5 2 8

2 . 2 1 1  t 6 l
2.301 16l
2.369 l7l
2 . 3 8 3  ( 7 )
2.44917',)
2 . 6 6 4  l 7 )
2 . 7  4 3  l 7  |
3.245 17)

2 .344 l7 ' t
2 , 4 6 6  l 7 l
2 . 4 1  5  l 7  |
2 . 4 9 0  ( 1  )
2.497 16)
2 . 4 9 3  ( 6 '
2 . 6 1 0  t 1  )
2 . 8 3 8  ( 7 )
2 . 5 2 6

2 . 3 7 7  1 6 )
2  . 4 6 7  1 6  '
2 . 4 1 1  ( 6 1
2 . 4 9 6  ( 6 )
2 . s 0 9 ( ? )
2 . 5 2 0  ( 1  )
2 . 5 1 0  1 6 )
2 . 5 7 0  1 1 l
2 . 4 9 8

C a ( ? ) - o ( 2 5 )  2 . 3 2 2 1 6 )
o t 2 9 ' l  2 . 3 6 1 1 1 )
o ( 1 1 )  2 , 4 1 " 5 1 1 ' )

o ( 4 )  2 . 4 r 9 1 7 )
o ( 3 )  2 . 4 7 5 1 6 )
o l 2 t  2 . 4 8 1 ( 6 )

o ( 1 9 )  2 . 6 4 0 1 6 )
o l 2 2 )  3 . 1 0 2  ( 7 )

uoao 2.927

2 . 1 3 8  ( 6 )
2 . 1 9 9  ( 6 )
2 . 2 0 5 ( 6 )
2 . 2 2 1  1 6 )
2 . 2 6 1  ( 1  )
2.281 16)
2 . 2 2 0

r . 9 2 4 t 6 )
x . 9 3 4  ( 6 )
1 . 9 4 0  ( 6 )
1 . 9 5 3  ( 6 )
1 . 9 3 8

1 .  ? 2 0  ( 8 )
1  . 7 3 8  ( ? )
1 . 7 7 5 ( B )
1 . 7 9 9  ( ? )
1 . 7 5 8

1 . 6 2 { 1 )
1 . 6 4  ( 1 )
1 . 6 ?  ( 1 )
1 . 6 4

1 . 5 ?  ( 1 )
1 . 6 4  ( 1 )
1 . 6 4  ( ] . )
1 . 6 8  ( 1 )

2.r92 16)
2.r92 16l
2.270 16l
2.2r0 16')
2 . 3 1 s ( 6 )
2 . 3 1 5  ( 6 )
2 . 2 3 9

1 0 5 . 8 ( 3 )
r o 7  . l  l 2 t
1 0 7 . ?  ( 3 )
1 1 0 .  s  ( 3 )
1 1  9 .  9  ( 2 )
1 0 9 . 4

1 0 3 . 1  ( 3 )
1 0 6 . 5 { 3 )
1 0 8 . 1  ( 3 )
1 1 0 . 2  ( 3 )

1 1 5 . 9 ( 4 )
1 0 9 .  3

1 0 1 . 0 ( 6 )
L 0 6 . 7  1 1 l
1 0 ? . 9 ( 8 )
1 1 3 . 0 ( 8 )
1 1 3 . B  ( 8 )
x 1 4 .  s  ( 8 1
1 0 9 . 5

1 0 0 . 9  ( 6 )
1 0 8 . 2 ( 7 )
x 0 8 . 8  ( 8 )
1 0 9 . 7  ( 8 )
1 1 3 . S ( 8 )
1 1 5 . 2  ( 9 )
1 0 9 . 4

hO6 Oclahedla

h  ( 2 )  - o  ( 9 )
o  ( 9 )

o  ( 2 3 )
o  ( 2 3 )
o l 2 7 )
o l 2 7 )

u6&

ZnO{ Tetlahsdra

o  ( s )  - z !  ( 1 )  - O  ( 1 1 )
O {11} -zn (1) -o (28)

o l5) -zn (1) -O (28)
o (5) -za (1) -o (24)

o 124 ) -zn (1) -o (28)
o (1X ) -zn (1) -o (24)

rean

a 16) -zn (2) -o 129)
o l r2t  -zn12) -o 129)
o (26t -zn 12) -O l29t

O  (  6 )  - z n  ( 2 )  - o  1 2 6 )
o | 6t -zt l2') -o lr2)

O (I2t -zn 12 ) -o 126)
u6an

&O4 9etrahedla 
.

o,(14) -B€ (11-o ( le.
o (171 -e (1) -o (21)
o (14 ) -ae (r)  -o (1?)
o (14 ) -e (1) -O {21)
o (18) -B€ (1) -O (21)
o  ( 1 7 )  - e  ( 1 )  - O  ( 1 8 )

u€an

o  ( 7 )  - &  ( 2 )  - O  ( 1 0 )
o (8) -e (2) -o (23)

0 110 ) -e (2) -o (23)
o (?) -e (2) -o (23)
o  ( ? )  - e  ( 2 )  - o  ( 8 )
o  ( 8 )  - e  ( 2 )  - o  ( 1 0 )

ugan

s l  ( ? )  - o  ( 1 5 )  1 . 5 9 9  ( 6 )
o  ( 2 5 )  1 .  6 1 ?  ( 6 )
o ( 2 8 )  L . 6 2 1 l 7 )
o l 2 2 )  1 . 6 4 0  ( ? )

u6e r.62L

n ( 1 ) - o ( 8 )  0 . 7 4 ( 9 )
, , o ( r { )  2 . 2 4 ( 9 )

o ( 1 8 )  2 . 5 0  ( 1 0 )
'  

o ( x r )  2 . s 5 ( 9 )
o { 8 ) - o ( 1 4 )  2 . 8 1 2 1 9 )

o  1 1 8 )  2 . 9 6 4  ( 1 0 )
o  ( 1 ? )  3 . 2 1 1  ( 8 )

E ( 2 ) { ( 1 ? )  0 . 8 0 ( 8 )
o ( 2 8 )  2 . r 8 ( 9 1

o ( 1 7 ) - o ( 2 8 )  2 . 9 1 6 ( 8 )

t s ( 3 ) - O ( 1 3 )  0 . 1 2 1 9 '
o ( 2 5 )  2 . 3 6 ( 9 )
o ( 1 9 )  2 . 4 1  ( 1 0 )

o  1 1 3 )  .  2 . 5 4  ( 8 )
o 1 3 - o ( 2 5 )  2 . 8 7 9 1 9 '

o ( 1 9 )  3 . 0 4 2 ( 1 0 )
o ( 1 3 )  |  3 . 1 6 2 i 1 1 )
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E3d!3 ar6 1tr parenthesig, Dlglancee and eglga are based on tho
c 6 l L  p a r @ t e r s  a  9 . 0 6 ? ? ( 1 8 ) '  b  f 7 . 9 9 2 1 2 1  ,  c  1 4 . 5 8 6 ( 2 ) ,  a n d
B  1 0 4 .  8 6  ( 1 )  o .

DEscRrP'noN oF TI{E STRUcTIIRE

The structural description of the samfowlerite may
be simplified by treating it as a structure composed of
layers of vertex-sharing 7Oo tetrahedra (I = Si,Be,Zn)
alternating with layers of vertex- and edge-sharing
CaOs bicapped tr.igonal prisms and MnO6 octahedra,
the octahedron being a special case of the trigonal
antiprism. The layering is parallel to (102). Polyhedra
in the two types of layers share vertices and edges
across the interlayer boundaries to form the three-
dimensional network that constitutes the entire struc-
ture. These cross-boundary linkages are so numerous
as to prevent samfowlerite from being considered a
fue layer structure, a fact made clear by the absence
of the perfect cleavage normally associated with such
structures. However, as noted previously, both the
number and size of crystals available for study are
very small, and tfius an inferior cleavage (perhaps on
{ 102}) could easily have escaped notice.

The detailed configuration of the layer of tetrahedra
can be understood with the aid of a diagram showing
the tetrahedral nodes (Fig. 2), which shows a continu-
ous network of 4-, 5-, and 8-membered rings. The
environments of the divalent cations are uniform, all
Zn atoms being 4-connected to four Si, and all Be
atoms being 3-connected to three Si, but, whereas the
Si atoms are also all 3-connected, their T-Z linkages

are of different types. That is, Si(l) is connected to
two Be plus one Zn, S(3), to three Be, Si(4), to three
Zn, and Si(2), S(5), Si(6), and Si(7) each to one Beo
one Zn, and one Si. The layers of tetrahedra thus con-
tain both ortho- and disilicate groups in the raao 3:2,
the dimers being Si(2)Si(5)Or and Si(6)Si(7)O7. An
alternative representation of the layers of tetrahedra
appears in Figure 3, which shows an edge-view of
three such layers, the SiOa and Si2O7 groups being
drawn as solid polyhedra, and the BeOa and ZnOo
groups as skeletal tetrahedra to improve clarity.

An edge-view of the prismatic layers appears in
Figure 4. In the edge-view, neighboring CaO3
bicapped trigonal prisms are linked in two ways. For
Ca(1) through Ca(5), one capping ligand is shared
with one adjacent CaOr group, and the second capping
ligand is shared with the other adjacent CaOs group,
i.e., the capping O atoms of one group are simultane-
ously vertex O atoms of the prisms of the two adjacent
groups. In the case of Ca(6) and Ca(7) (upper right
corner in Fig. 4), the method of linking adjacent
prisms is quite different, with the Ca(6)O3 and
Ca(7)Os groups sharing one prism edge and one cap-
ping ligand (which is not a vertex atom for either).
However, the linkage of Ca(6)Oe and Ca(7)Or to the
neighboring groups, Ca(3)Os and Ca(4)Os, respec-
tively, is of the normal type. If the edge-view of any
layer shown in Figure 4 is extended in the third dimen-
sion along [010] into a fuI1 layer, the CaOs polyhedra
are seen to share prism vertices and edges witl one
another and with the MnO6 octahedra, the latter
groups being centered at y - 0 and r/2. The CaOg
bicapped prisms are quite distorted, with many of their
lateral edges having very different lengths within the
same polyhedron. The Mn(l)O6 and Mn(2)Ou octa-
hedra are more nearly regular.

The presence ofthree hydroxyl eroups [O(8)-H(1),
O(13)-H(3), and O(17)-H(2)l in the structure of sam-
fowlerite, together with the conspicuously low bond-
valence sums for some of the anions (Table 7), sug-
gests the existence of hydrogen bonding. A survey of
the O-H distances and O-H-O angles in Table 6,
combined with the bond-valence data, suggests two
possible hydrogen-bonded configurations involving
H(1) ,  namely O(8)-H(1.) . . .o(18)  and o(8)-
H(l)...O(14). The distances and angles for the latter
are more reasonable than those for the former, but the
valence sums in Table 7 give a contrary indication.
That is, O(18), with a sum of 1.79 v.u', is conspicu-
ously underbonded and is therefore in need of an addi-
tional valence-contribution by way of a hydrogen
bond, but the sum for O(14) already equals its ideal
value of 2.0 v.u. On this basis, O(18) would seem to
be the more probable choice for a hydrogen bond
receptor. There is no similar ambiguity involving H(2)
and H(3), however. The distance and angle data in
Table 6 are all in accord with the existence of hydro-
gen-bonded configurations O( 17)-H(2)...O(28) and

ghaied vgdoa T-T

zn(1) -s1 (7) 2.961 13)
s i - ( 2 )  2 . 9 8 2 1 3 )
s L  ( 1 )  3 . 0 9 5  ( 3 )
s r  ( 4 )  3 . 1 6 6  t 3 )

Uoan 3.052

k ( 1 ) - s I ( 6 )  2 . 8 1 ( 1 )
s l  ( 2 )  2 .  8 8  ( 1 )
sr (3) 2.921r ' ,

Me6n 2.81

B €  ( 3 )  - s l  ( 7 )  2 . 8 0  ( 1 )
s i  ( 1 )  2 . 8 1  ( 1 )
s t  ( 3 )  2 . 9 4 l r l

u e a n  2 . 8 5

s l  ( 2 )  - k  t 1 )  2 . 8 8 1  ( 1 4 )
z n  ( 1 )  2 . 9 8 2 1 3 )
s l ( 5 )  3 . 0 4 6 ( 4 )

M6an 2.910

s l ( 3 ) - e ( 2 )  2 . 9 0 s ( 1 3 )
B o  ( 1 )  2 . 9 1 5  ( 1 3 )
k ( 3 )  2 . 9 4 1 ( 1 3 )

l lean 2.920

s l ( 4 ) - z n ( 2 )  2 . 9 7 2 1 4 )
z\ l2l  3.02214,
z ! ( 1 )  3 . 1 6 6 ( 3 )
Mean 3.053

z n ( 2 ) - s t ( 6 )  2 . 8 2 ! l 4 l
s t  ( 5 )  2 . e 4 9 1 4 '
s l  ( 4 )  2 . 9 1 2 1 4 t
s l  ( 4 )  3 . o 2 2 ( A '
uea! 2.9f6

b ( 2 ) - s i . ( 5 )  2 . 8 0 t 1 )
s t ( 1 )  2 . 8 6 ( 1 )
s l ( 3 )  2 . 9 r ( 1 )
ueatr 2.86

s 1 ( 1 ) - k ( 3 )  2 . B 1 0 ( 1 3 )
B €  ( 2 )  2 . 8 6 3  ( x 4 )
z n ( 1 )  3 . 0 9 5 ( 3 )
uean 2.923

s j . t 5 ) - e ( 2 )  2 . 1 9 1 1 1 4 1
z n 1 2 )  2 . t 4 9 1 4 )
s j - ( 2 )  3 . 0 4 6 ( 4 )
Msan 2.891

s t ( 6 ) - e ( 1 )  2 . 8 1 0 ( 1 3 )
z n l 2 )  2 . 8 2 r l 4 ,
s l ( ? )  3 . 0 5 0 ( 4 )
uaan 2.894

S j - ( 7 ) - 8 6 ( 3 )  2 . 1 9 8 1 L 2 ,
2 0 0 . )  2 . 9 6 1  ( 3 )
s 1 ( 6 )  3 . 0 5 0 ( 4 )
uean 2.93B
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Fto. 2. One layer of tetrahedra in samfowlerite viewed in projection down [100] and represented as a tetrahedral node diagram.
Numbers beneath atomic symbols are.r coordinates X 100.

O(13)-H(3)...O(19), and this is supported by the
valence sums of 1.95 v.u. for O(28) and 1.83 v.u. for
O(19). The possibility of a hydrogen bond berween
H(3) and O(25) is unlikely given the low value of the
O(13)-H(3)-O(25) angle (130.) and the fact that
O(25) is already overbonded, with a valence sum of
2.15 v.u.

As to the remaining 02- anions with valence sums
less than 1.90 v.u., namely O(1), O(2), O(9), O(15),
and 0(16), it is not possible to invoke hydrogen bond-
ing as a source for tle additional valence needed. as
none of the H atoms makes a sufficiently close
approach for such bonding to occur. Bond-valence
considerations do, however, provide a simple explana-
tion for the two Ca-O distances of extraordinarv
length, lamely 3.245(7) A for Ca(4)-O(20) ani
3.102Q) A for Ca(7)-O(22). lThese fall outside of the
range of Ca-O bond disrances given by Baur (1970),
2.25 to 2.96 A, but O(20) and O(ZZ) must be assumed
to be bonded to Ca(4) and Ca(?), respecrively, to com-
plete the CaO, coordination that is the rule in this
stucture.l Atoms O(20) and O(22) are both coordina-
ted to (2Si+2Ca) and are, respectively, the bridging
anions in the two disilicate groups Si(2)Si(5)O7 and

Si(6)Si(7)O7. The Pauling bond strengths to both
O(20) and O(22) arc an excessive 2 t/z v.u., but tle
observed Ca-O lengthening reduces their empirical
valence-srrns to more reasonable values of 2.L6 and
2.13 v.t., respectively.

DtscussroN

We have already briefly noted the apparent exis-
tence of solid solution involving Zn and Be on the
Zn(2) site of samfowlerite and the probability that this
anomalous situation exists only in the average struc-
ture of the mineral, the real structure having symmetry
lower than F21lc as a result of ordering of Zn and Be
onto separate structural sites. Four lines of evidence
support the existence of apparent (Za,Be) solid solu-
tion in the average structure: the observed Zn(2)-O
interatomic distances, the isotropic temperature-
factors of t}re anions coordinating the Zn(2) site, the
results of the electron-microprobe analysis, and
charge-balance considerations affecting the choice of
an appropriate chemical forrnula.

Refinement of the site-occupancy faaor of Zn(2),
assuming simultaneous occupancy by both species,

c 1?g'L'l'J]
__.*]

/ Be (j)
Q4 Be (2)'3A') a

si.!s) si(z)- f  |  - 12

Be (1)

T# 
e6

zsi(1) 
- \

l '* H I' T'gU b

si(5)
1 2

zn (2)
92

si(5)
88
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Frc. 3. An edge-view of three layers of terahedra in samfow-
lerite from y = 0 to 7a in projection on (010). To reduce
polyhedral overlap and improve clarity, the BeOa and
ZnOa groups are shown as skeletal tetrahedra and only
the cation positions in the neighboring layers of prisms
are shown. Numbers beneath atomic symbols are y coor-
dinates x100. The Si(2)Si(5)O7 dimer appears at the
upper right of the cell, the shared anion O(20) being
situated at (0.05,0.10,0.63). The 5(6)5(7)07 dimer (con-
sidered as a whole) is outside the range of the diagram
along y, the shared anion O(22) being located nearly on
the glide plane at (0.58,0.24,0.87).

. "b8)
.atl

l'*''
.tlto)

. "?at)

Hc. 4. An edge-view of two layers of CaO3 bicapped prisms
in samfowlerite from y = 0 to y4 in projection on (010).
To improve clarity, only ttre cation positions in the neigh-
boring layers of tetrahedra are shown. Numbers beneath
atomic symbols are y coordinates x100. In most cases,
tle two capping ligands of one CaO6 prism are simultane-
ously vertex ligands for the two neighboring CaO6
prisms, as shown (on the lower left of the figure) for
Ca(2)O6, for which the two capping ligands (marked with
asterists) are shmed with Ca(1)O6 and Ca(3)O6.

range being 1.720(8) to 1J99(7) A. Alternatively,
using Baur's method, which involves equations of the
form d(A-X) - [d(A-X)-"* + bLp(X)] A, and the
observed ZalBe rarro yields the same result. This is so
because the parameter b is 0.18 for both (Be-O).*
and (Zn-O).ean and because, of the four O atoms
coordinated to 7-n(2), two have ApCK) = -0.04 and the
otlertwo ApCK) = +0.M. Thus, the bAp(X) tenns can-
cel one another, and the expression for the predicted
mean bond-length of the (Zn,Be) site reduces to the
simple weighted average. The point, of course, is that
regardless of the method of calculation, the predicted
value for tle mean Zn(2)4 distance derived from the
refined contents of the site is the same as the observed
value.

si (2)
t 9
?

si (5)
02

yielded 38.37o (-3/e) Zn and 6LJVo (-7e) Be. Using
thisZnlBe ratio and the srand mean values of 1.958 A
and 1.634 A for IvZn-6 and NBe-O, respectively,
from the survey paper by Baur (1981), the mean bond-
length for tbe Zn(Z) site is predicted from a simple
weighted average to be 0.383(1.958) + 0.617(1.634) =
1.758 A. This result is the same as the observed mean
value of 1.753 A tot Zn(2)4 in Table 6, the observed

o
Bo (2)

05
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tSU 7. EFIBICAL mND-VMNCES (v.u.) FOR SMOEERITB

cal ca2 Ca3 ca,4

0 . 2 1
0 . 2 4

0 . 2 1
0 . 2 1

s 1 4  5 1 5  S i 5

1 . 0 5

0 . 9 6

1 . 0  0
0 . 9 9

t . a 2

x . x 1

1 . 0 2

0 . 9 5  0 . 9 4

0 . 1 8

ca6 ca? h1 h2 znl zn2 Bel b2 &3 si1 si2 S13

0 . 2 0  0 . 2 5  1 . 0 5
0 . 2 5  0 . 3 3  1 . 0 0

4 . 2 2  0 . 3 0
0 . 5 3  1 . 0 4

1 . 0 3
0 . 9 0

0 . 9 8

L . O 2

st? tva

1 . 8 3

1 . . 9 0

1 . 9 8
1 . 1 8
1 . 9 0

2 . 0 5

1 . 9 4
L . 2 3
2 . O 4

1 . 0 ?  1 . 8 ?

L . 2 0
1 . 1 9
1 . 8 3
2 . 1 6
1 . 9 5

o . 9 6  2 . 7 3
2 . 0 4

1 . 9 8
1 . 0 2  2 . 1 5

1 . 9 0

2 . 0  0

o 1
02
o3
o4

o6

o9
o9

o10
o 1 1

o 1 3
o 1 4
o 1 5

o17
o18
o19
02a

022
023

024
025
026
o21

028
o29

0 . 2 4

0 . 3 0  0 . 2 9
0 . 2 4

0 . 3 1

0 . 2 5

0 . 1 3
0 . 1 ?

0 . 1 5  t . 2 4
0 . 0 5

a . 2 t

0 . 2 0
0 . 2 6  0 . 3 8

0 . 2 3
0 . 2 9

0 . 2 3  0 . 1 4
tx2)

o . 2 4  0 . 3 1
0 . 3 4  0 . 3 0

0 . 2 6 ,  0 .  1  0

0 . 4 8
0 . 4 4
0 . 5 0

0 . 5 9
0 . 4  6

0 . 2 4
0 . 3 3 0 . 9 5

0 . 9 9

0 . 5 4
0 . 5 6

0 . 1 5  0 . 4 3
0 . 1 5  0 . 4 0
0 . 3 1  0 . 1 2  0 . 2 5

0 . 3  5
0 . 1 5

0 . 1 6
0 . 0 3  0 . 2 4

0 . 5 !
0 . 4 9

0 . 5 3

0 . 1 2

o . 3 2  0 . 4  9
(x2)

0 . 5 5  1 . 0 1
0 . 4  9

0 . 2 4  0 . 5 2  0 . 9 2
(x2)

0 . 2 0  0 . 5 1
0 . 3 5  0 . 2 6  0 - 4 5 0 . 9 {

t v c  1 . 8 2  1 . 8 6  1 . 8 3  2 . 0 7  1 . 8 1  1 . 9 3  2 . 0 4  1 . 9 0  1 . 8 0  2 . b  2 . O 2  2 . 0 2  2 . 0 3  2 . 1 0  3 . 9 5  4 . 0 4  4 . 0 1  3 . 9 4  4 . A 1  4 . 0 5  4 . 0 4

1b6 bond val€ncea for Zn(2) are calculaled assunlng 38.39 Zn and 61.t9 Be, as lodicared by Lh€ slr€ occupancy factor refln€Gnt. Aiom O(19!,

O(19) ,  and O(28)  rece lv€  an  add l t lona l  va l€nco con l r lbu t lon  f lon  g(1) ,  H(3) ,  and H(2) ,  resFc l i ve ly ,  lh rough hyd!€6n bonds f ron  tbo  hydroxy l .

o x w 6 n a  O ( 8 ) ,  o ( 1 3 ) ,  & d  O ( 1 1 ) .

If two cations as different in size as Be2+ and Zn2+
simultaneously populate the same set of structural
sites; then there must b0 at least a small variation in
site environment as the positions of the coordinating
anions adjust to accoqmodate the larger or the smhller
cation. Such positional.disorder should manifest itself
in temperature-factors'for the anions that are conspi-
cuously.higher than those of other anions in the
structurb. An examination of the equivalent isotropic
temperature-factors of,the anions coordin ated to Zn(2)
shows the expected effect for three out of four of
them. The Zn(2)4 bond distances (in-A) and equiva-
lent isotropic temperature-factors (in A2; are 1.720(8)
and 1.9(1) for O(12), 1.738(7) and,.l:5(l) for 0(26),
1.775(8) and 1.2(1) for 0(6), and 1.799(7) and 0:8(l)
for O(29). The remaining 25 anion sites in the asym-
metric unit have an average equivalent B,* of-0.78 A2,
and only fwo have values greater than l^0 A2, those
being l. l( l) A2 for O(18) and t.3(l) Az for O(20).
The average 3;* value for the anions coordinated to
Zir(2) is 1.4 A2 compared to 0.74 A2 for the eight ?Oa
groups that do not share any vertices with Zn(2)Oo.
Clearly, the temperature-factors associated with
the ZL(2)O^ tetrahedron are anomalous relative ro
those of the otler tetrahedral groups in the structure.
An exception is .B1* of Zn(2), itself, which is normal
and eqfal to tlat of Zn(l) within one esd. This implies
that, whereas the positions of the coordinating anions

are correlated with the identity of the cation occupying
Zn(2), the position of the cation is not, and remains
unchanged regardless of whether T is Zn2+ or Be2+,
Note also that there is an inverse correlation between
Zn(2)-O bond length and the Biro values of the O
ligands. The significance of this, if any, is unknown,
but it is clear that the relatively large lemperature-
factors of tle anions predicted by the (Zn,Be) solid-
solution model do, in fact, occur in the Zn(2)O4
tetrahedron.

The empirical unit-cell contents of samfowlgrite
derived from the results of the electron- and ion-
microprobe analyses before the solution of the crystal
structure became available are (Ca2r.sMgo.z)>2s.0
Mn6.6Znr.3Be10.25i28.0Ot t3.,Hts.zFz.q. Except for Zn
and Be, the coefficients of all of the metal and Si
atoms have integral values tlat are nicely consistent
with the ranks of the available equipoints in space
group P21lc. The value for Be was obtained from the
ion microprobe and has a large uncertainty associated
with it; indeed, the crystal-structure analysis showed
that it is much too small, but tle value for Zn was
obtained from the same electron-microprobe analysis
that pioduced the "good" values for (Ca,Mg), Mn, and
Si. A value of.5.3 Zn per cell made it difficult to
derive an acceptable chemical formula; Le., assuming
five Zn per cell produced a formula that was charge-
balanced but inconsistent with the 2- and 4-fold
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equipoints of Y2.1lc, whereas an assumption of six Zn
produced the opposite problem. Once the structure
solution was obtained and the anomalous character of
the Za(2) site was noted, an occupancy-factor refine-
ment for Zn(2) assuming Zn as the sole species on the
site produced a value of 1.76(2) atoms, but this also is
inconsistent with a charge-balanced formula.
However, when the possibil i ty of (Zn,Be) solid
solution onZn(2) was recognized and a second occu-
pancy-factor refinement produced the site contents
I.53(2) Zn + 2.47 Be, the problem with charge
balance was resolved. The (Zn,Be) solid-solution
model and the electron-microprobe analysis are there-
fore essentially in agreement both on the number of
Zn atoms per cell (5.5 versus 5.3, respectively) and the
fact that this number is nonintegral.

Two objections to the foregoing interpretation of
the anomalous character of. tJie Zn(2) site are (1) that
the proposed complete order of Zn arrd Be atoms in
the true (as opposed to the average) structure should
produce a superstructure, but none is observed in the
diffraction patterns, and (2) that the Zn(2) site may
indeed be occupied in a completely normal fashion by
a single atomic species other than Zn2* or Bez+.
faking the second of these first, the obvious candi-
dates for the otnknowno'cation are A13* and Si4. The
former has an X-ray scattering power similar to that
observed for the site and the right bond-distance to
oxygen L1.752 L according to Baur (1981)1, but its
presence is ruled out by results ofthe chemical analy-
sis. The latter is likewise excluded by tle chemical
data, which indicate only 28.0 Si per cell, ̂ and by the
observed meanZnQ)4 distance of 1.758 A, which is
too long to represent rvSi-O.

The other objection, which concerns the absence of
a supersffucture, is less easily dismissed, as the large
difference in scattering power between Zn and Be
should produce such a feature in the diffraction pat-
terns of samfowlerite. A possible explanation is that
the crystals are composed of domains, each domain
possessing an ordered arrangement of Zn and Be
atoms and a symmetry lower than the observed P21lc,
but that the average structure, summed over all
domains, has the observed monoclinic space-group
and apparent (Zn,Be) solid solution on the Zn(2) site.
This hypothesis could be checked in a study using
electron microscopy, but this is not possible at present
owing to the lack of sufficient available material.

Finally, there is the question of the relationship of
samfowlerite to other silicate structures. The presence
of mixed ortho- and disilicate ions places samfowlerite
with the epidote group, the pumpellyite group, and
vesuvianite in the classification of Strunz (1970),

and Table 11.1 ofLiebau (1985) lists several synthetic
species containing the same mixed anions. Other than
this, however, samfowlerite shows no $eat $tructural
affinities to any of them, and it would seem, therefore,
that the new mineral represents a new and unique
structural type.
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