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THE CRYSTAL STRUCTURE OF A Ni"SU

M. E. Frnnr, DePartment ol GeoLogg

(Jrai,uersity ol Westem Ontari'o, London, Ontario, Carwd,a

a Ni"Su is orthorhombic with a - 3.274,b:16.157, and c '= 11'359 A, space

boring Ni site by a bond distance similar to that of metallic Ni (2.492 A) and,

* rn.h, the pyramidal and tetrahedral sites have similarities with the Ni site in

millerite (NiS) and heazlewoodite (NLS,) respectively. Clearly, metallic Ni-Ni

bonding has been significant in stabilizing all three of these structures'

STRUCTURAL INVF,STIGATIONS OF THE CU-FC-S MINERAL,

TALNAKHITE

S. R. Iler,r,, E. J. Gan#, L. J. Cennr, M. G. TowwsEND' AND J. Honwool, M'i'neral

Sciences Diuisian, Dept. o'f Energy, M'ines, and, Resottrces, Ottawa, Cannd'a'

Talnakhite is one of several recently studied minerals with distinct crystal

structures and metal-rich compositions close to that of chalcopyrite 4(CuFeS,),

It was first identifieff as CuFeSn 
" 

with a cubic unit cell of 5.28 A, and considered

to be iso-structural with high-temperature chalcopyrite. Ilowever, subsequent

work" showed talnakhite to have c - 10.6 a. In this study the cell has I43m sy]0r'

metry and a - 10.593(3) a. Electron probe analysesn give a composition which

is consistent with the stoichiometry CurrFe,uSo. An X-ray analysis, using single

crysta.I diffractometer da.ta, shows that the structure of talnakhite is "equivalent"

to that of synthetic p phaseu. The structure is also similar to that of chalcopyrite'

t Present address: Division of chemistry, Nationa.l Research council, ottawa.
,Bud,ko, I .  A., and E. A. Kulagov (1963) Dokl. Alrad. Nau\t.769,428.

" Cabri, L. J. (1967) Econ. GeoI. 62, 910.
n Cabri, L. J., and D. C. Harris (197L) Econ. Geol. 66, in press'
ulliller, J. E., and K. Probsthain 0956) Z. Kri,stall.ogr. 108, 108.
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CRYSTAL CHEMISTRY OF A NEW SULFOSALT MINERAL,
NUFFIELDITE (pb.oBilooulss) 1

I' Kosarsu eNn B. J. wuoNscu, Department ol Metallwgy and, Materials science,
M assachtse tts I rntitute of r echnob gg, c ambrid,g e, M assach.tsetts 02 1 3g.
Nufreldite is a new sulfosalt mineral discovered near Alice Arm, British

columbia. Kingston (1968)s proposed PbroBirocuns. as the ideal composition
on the basis of application of several analytical techniques to a very timited

grraax = 2.56 for CuKa. The hea.qr atoms were located by the symbolic addition
procedure. Fourier maps based on signs determined from the heavy atom positions
revealed Cu and seven S atoms. The asymmetric unit contains 18 atoms all Ie.
cated in position 4(c)m. Least-squares refinement was arso attempted for the
acentric space group. Negligible shifts from the symmetry plane at z - | oc-
curred, and refinement did not proceed beyond the results of the centric model
in spite o{ the increase in the number of adjustable parameters. The structure
contains stibniteJike chains parallel to c with an associated. Cu in a tetrahedral
site. These units are identical to those which form the structure of aikinite,
PbcuBis". In nuffieldite, however, the aikinite-like units are separated. by an
intervening zig-zag layer of PbSlike stmcture along (010).

r Research supported by the National Science Foundation and an f .B.M.
Fellowship.

'Kingston, P. W. (1968) Can. Mineral. g,440.

CRYSTALLOGRAPIIY OF SINNERITE (CuuAs,Sn)1

E. Mexovrcr<v aNo B. J. srrNrvnn, yale (Jniuersity, New Hauem, comecticut.

triclinic, space group Pl, with o - g.06, b = 9.g8, c - 9.0gA, a - 90.00, B -
'Research supported by NSF grants GA 4142 and, GA ZZE2Z.'Marumo, F., and W. Nowacki (1964) Schwei,z. Mineral. petrogr. Mitt. 44,

439.
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109'3tr, "/ 
- l}7"Ag.Every twin contains 6 individuals mutually related by three

primary and one derived twin law. Twinning restores the sphalerite sublattice

and for two of the laws, parts of the triclinic lattice. untwinned reflections gave.

directly a difference Patterson and, after minimalization, difference Fourier maps.

copp"r atoms do not deviate appreciably from the tetrahedral positions of the

ideal sphalerite-type structure. Arsenic atoms coordinated by sulphur atoms form

a network extending parallel to (010).

CIIARGE REFINEMENT OF A LIGIIT-ATOM MINERAL STRUCTURE:

KERNITE'

W. F. Coopnn, F. K. Lensnx. aNo P. CorrnNs, Chemistrg Department, State

(Jniuersitg o! New York at Buflalo, Bufialo, New Yorh 14214'

Because of their Iow temperature factors mineral structures are suitable for

a valence shell refinement by the Extended -L-shell methoff. The mineral kernite

is of especial interest beca,r." it contains boron a,toms in both tetrahedral and

trigonai positions and bridging as well as hydroxylic oxygen atoms'' The posi-

tional parameters as determio"d Uy Giese" were used as input' in the refinement

of 3604 symmetry-independent reflections, which were measured on an automated

Picker diffractometer. The conventiona,l least squares refinement resulted in

.R(tr") ': 4.7/o and,E*(I') - 3.5%, while the valence shell refinement with

optimized slater type orbital (sTo) scattering factors led to a final E(tr') =

3.6/o andR*(I") - 2.5% for 212 parameters and,2492 non-zero reflections. It is

found that aII boron atoms are positive, but the charges on the trigonally co-

ordinated atoms are somewhat larger ({0.66(.02), +0'56('02)), than those on

the tetrahedral borons (*0.46(.02), +051('02))' Both sodium atoms are positive

by 0.3-0.4 electrons, while negative chzr'rges are found on all oxygen atoms'

without much distinction as to bonding environment'
The least-squares scale factor is quite sensitive to the choice of scattering

factor in the refinement. An experimental determination of the scale factor is

therefore being attempted to obtain additional information on the charge dis-

tribution. Bonding effects are further being studied by the calculation of differ-

ence ma.ps with the calculated structure factors based on parameters from a high

order refinement.

t Research supported by tJre National Science Founda'tion'
,CoppnNs, p.,  D. Peurr,ER, AND J. F. Gnrrrrx (1971) . f .r4.C.S.93, 1051'

" Grnsn, R. F. (1966) Science 754, 1453-

T H E C R Y S T A L S T R U C T U R E S o F T H R E E I O N - E X O H A N G E D F O R M S
OF FAUJASITE

J. J. Prutn AND VERNER Scrrorrernn, Urttiuersitg of Washington, Seattle'

Wash'ington 98195-

Two crystals of faujasite (the mineral) were ion-exchanged with aqueous

solutions-one KCl, the other Bacl-then heated to about 400"c under vacuum

in capillaries, sealed ofi, and studied at room temperature on a diffractometer with

Nb-filtered MoKa radiation. For the Ba+-exchanged crystal the process was

repeated, but with cscl as the exchange solute. The structures were refined on

tr- with anisotropic temperature factors to final conventional R values ranging
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from 0.103 to 0.117 and aVerage estimated standard deviations for the ?(Si,Al)-
O bond lengths of the order of 0.002 A.

work distortion.

RELATTON BETWEEN T-o-T aNGLE AND srABILrrY oF LiAtsino-rlr
(r-SPODUMENE) AND OTEER HIGH-QUARTZ SOLrD SOLUTTONS
C. T. Lr, Owens-Illi,rnis Technical Center, Toledo, Ohi,o, tNo p. J. Ssr,rcrrre,

Uniuersi,tg of Southem Calif ornia, Los Angeles, Catifornia.

LiAlsLo'-rrr ('v-spodumene), a stuffed high-quartz solid solution, transforms
at elevated temperatures into LiAlsLo"-Ir (p-spodumene), a stuffed keatite solid
solution. During the transformation, the average T-o-T bond angle (where
? = si or Al in random distribution) is reduced from r5r.g. to 149.4" lu, toos';
Li and Peacor, 196s). rn contrast, high-quarlz solid solutions with a lower silica
content, such as Liro'ALo"'3sior, have a lower T-o-T angle and are stable
(Li, 197tr). This suggests that the high ?-O-? angle is u rorr."u of strain
energy in these structures and that their structural paramet€rc and transforma-
tional stability can be explained in terms of the minimization of the ?-o-?
angle. A geometric analysis of these stnuctures ind.icates that the observed values

'Li, C. T. (1568) Z. Kristallosr. t2T,B2Z-248.
' Li, C. T., and D. R. Peacor (1968) Z. Kristallogr. 126,4648.8 Li, C. T. (1570) Z. Kristallngr. 7s2, tt&t2S.

TIIE CRYSTAL STRUCTURES OF URANOPHANE,AND
BETA-URANOPHANE

DnaNp K. srurru eNn Fne*cns v. srorrr,, The pennsyluania state Uruiuersitg,
U niuersity park, p enn syluania 1 6g02.

The composition ICa(H"O),1 (UO,),(SiO.),.BH,O exisis in two poll,rnorphic
forms, uranophane and beta-uranophane. The crystar structuru of or"oopir,"u *u.

l Smith, D. K., Jr., J. W. Gruner, and W. N. Lipscomb (1g57) Amer. M,ineral.
42,594.
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reported by Smith, Gruner, and Lipscomb (1957).' This structure has been further

ref.ned using a full three-dimensional-data set collected on a Picker FACS-I

diffractometer. In addition the beta-uranophane structure has been solved using

three-dimensional data.
Uranophane is monocl inic; a- 15.85,b - 6'97,c- 6'64 A,B = 97'6" with

z - 2, and the space group is P2,. Beta.uranophane is also monoclinic with o :

13 .90 ,  b  -  15 .39 ,  c :6 .6 iA ,  p :91 .4 ' ,  and Z  -  4 '  I t s  space group is  P%/a '

Both minera.ls usually form fibrous aggregates with the fiber direction parallel

to the b axis in uranophane and the a axis in beta-uranophane'

In both structures the prominent stnrctural unit consists of chains of edge-

sharing (uoto" polyhedra and sion tetrahedra. These chains lie parallel to the

fiber axis and are cross-linked to other chains by corner sharing to form layers

parallel io (100). The ca ions, hydronium ions, and water molecules lie between

lhese lu,yers. The two structures difier only in the manner in which the layers are

stacked.

STRUC"TURAL CIIARACTERIZATION OF SUBCALCIC

ALUMINAN AUGITES'

Hrnosur Tarnne, NASA Mart,ll'ed Spacecra|t Center, Houston, Texas v7058.

Diopside2 Taka-sima Kakanui2 12052

Ca(*Na) in"M2
M2-O1, 02(A)
M2-O3(i)

1 . 0  0 . 8 0
2.357 2.315
2.639 2.649

0 . 7 1  0 . 6 r
2.297 2.253
2.662 2.717

r support of an NRC-NASA Associateship is gratefully acknowledged.
2 Data by Clark el ol., 1969.
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sharp lunar rock 12021
diffuse Iunar rocks 12052 and 10003
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CRYSTALLOGRAPHY OF LUNAR PYROXENES

C. T. Pnnwrm ar.ro G. E. BnowN, Department of Earthond, Space Sci,ences,

State Uniuersi,tg o! Neu york, Stony Brook, New york lIT90.
Lunar clinopyroxenes are of two types, pigeonite (p\r/c) and, a4lte (C2/c)

and occur in intimate intergrowths as a result of exsolution and epitaxy during
cooling. we have examined these crystals at temperatures from a,rnbient to above

primitive l(h + k) oddl reflections of pigeonite. previous results'for pigeonite
crystals appear as follows:

degree of cation ordering (h + k) odd reflections pigeonite example

low
low
high sharp

* Ko : Xu"M'(! - X;y.uMt)/Xor*ur(1 - X*"*r).

TEE CRYSTAL STRUCTURE OF A BABINGTONITE,

T. A_narr, Un'i,uersity ol Chicago, Chi.cago,Illinoi"s 6069T llllrnT.Zorrn,
Utiuersitg of M'i,nnesota, M inneapolis, M innesota d5165

The stmcture is composed of two five-member single chains, which are parallel
to each other and stretch along tll0l in the unit cell. cation polyhedra io.- u
sequence by sharing edges and corners between the silicate chains. one of the
Fe octahedra is occupied by bivat6nt Fe partry replaced by Mn and Mg with

I $upported by NSF.
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average cation-oxygen distance of 2.169 a, the other by trivalent Fe with average

cation-oxygen distance of 2.048 A. of the two types of ca cations, one is sur-

rounded by six oxygens at distances 2.29 through 2.71 and two additional oxygens

at 3.07 A, the other by eight oxygens with dista,nces of 2.35 through 2'88 A'

The structure of babingtonite, arrangement of the silicate chains and cation
polyhedra, is similar to rhodonite G:7.682, b - 11.818, c - 6'707 A, o :

92.355', p = 93.948', 1 - 105.655', Z = l0 (Mn, Ca)SiO", Pl).

THE ORIGIN OF PLAGIOCLASE SATELLITES

K. Tontew, Wright State l|ni'uersity, Dagton, Ohio eNn A' J. Fnuun,

U niu er si'tg o f C om't ec ticut, I t orr s, C omne cticut.

According to our calcglations (J), the intensity-average ratios (intensity averages
corrected for the influence of atomic scattering factors) of "difference" reflections in

a crystal with superstructure depend on the square of lB11l, the length of the reciprocal

vec tor ,as(J ) :o*0 lBq l ' z -z lBr l4 ,whered invo lvese lec t rondens i tyd i f fe rences
and p and 7 atomic position differences among quasi equivalent atoms in difrerent

subcells.
This theory was applied to our measurement of "e" and "f" satellite intensity

on a plagioclasewlr]nS5/6 anorthite. The results show that the largest contribution
to satellite intensity comes from difierences in positions of atoms in different subcells,

but that there is a high probability of ordering of ca and Na ions. our results are

compared with Korekawa-Jagodzinski's and Megaw's models of plagioclase.

CRYSTAL STRUCTURE OF A LUNAR PLAGIOCLASE OF
COMPOSITION An84'

Dewrnr, E. Aerr,nlreN, tJ. S. Geolttgical Stnueg, Wash'i'ngton, D' C. 20242

A crystal-structure refinement has been carried out on a plagioclase-feldspar

single crystal from Apollo 12 lunar igneous rock 12038, The crystal is triclinie, PT;

" 
:  S.r8O(a) ,b :12.874(9, c :  ra.rOO13);.,  o :  93.45(2),0 :  116.06(2),r :

90.63(2)"; approximate cell contents 8[(Cao.ssaNao.rorMgo.ozrFeo.ottKo.oon) (Alt.tt,

Siz.rzsFeo.oreTio.oos) Oal. Reflections wiih (h f ft) even, I even (a reflections) are

strong and sharp; b reflections l(h + k) odd, z oddl are moderately strong and slightly

diffuse; c reflections [(1, * ft) even, Z odd] are extremely weak and very difiuse, making

almost continuous streaks parallel tob*; d reflections l(h + k) odd, I evenl are not

the extreme difruseness or absenee of reflections with (D * /c * Z) odd.
l Publication authorized by the Director, u. s. Geological survey. work car-

ried out in cooperation with the National Aeronautics and Space Administration.




