
RIASEWN'fO. ~". Ln liolhn)'{'III::t~ Ô 1\11 ai1iCJIto }wr il qunle. 110110 Hlllto propoKli1
dllgli aut{)rl dl\i duo 1'ÎtrU\'llllwllti l,. H('KllI'lItl Ihlll fm'llIul,,: (Nil, [(), t,:u"AldBI...O"".
18H.O . 3(Nn. , K.)(Gl.. l". ,HO,) (81111ullIlI

"
H~ !i'IWU ~: (Nu, I{)., CII,AI,.8i,.(O, OH,

J~, Gl).. (Do1'flllHlI, 13olIl\'u, N,mHHlvIL),

Ln dolhfLyelito nPllllrth"H,' III Kruppn 1I\llIzllIlI' PIII III11; lu l'(lI!tUlIti l'ntilwlur"Î 1101111
]e Regnent!: a

= 24.86, b 7.07, c 0.58 Â.
l,I.I 6\:1'uttl\l'll 11 SU\ÜL dol~'1'lllil1nln ntll'lIv!'rHo l "IKlIIIW dollll Hint~{'"i dl Pnttorsoll

tridilJ1(m.alonlI10 0 l'U!I!IllIIZiolll'l ,Ii LLIIIIlilmlllj{ÏlI 11'11 lu at1'ILttUl'IL delllL dclhnyolite CJ

quollll llellll mactloI1ILldi"" l'Ut','u(('lliunlo IItllt1Înllt Ilngli 1111101'1,II CILHJj!ltolLLvo1'o, l l'U,p.

port! fUI !o c.c!l'lnuti rolirolllri ,1(\II1LIIIllr,lol1a]dito (l' 23.ii(),
il""" 14.08, b :<"18.11 A)

o quoUo do]1I1 cleIlIlLYlIlit" 110110 ov!,hmll. IIII'C~C'I' hL IOr1l1ultL r,hilllirn Ilolhl 11lur,rloI11l1.

(lito, Bn.Oa.,Fr.BI,.O.,. HI." nil, 111111 IM,imhru, IL primll Villlll, IWOI' moltn IL ~,ho !.jL1'e

~,OJl quollo Hc,rlUe IIOIlnl lHW hl dc,lIm).c.IitCl. BiIlOKIUI l'orb drml1n TCIehe nona IIt,rut.

tum de]]!\' IIlIl,cllollalclltü, Int III, HILI\'11l' IlIlJHllc'utctm (,mÜ.Îtu!t,II, dn! [llt1'l111,lri dol SI Ii

ÜngH ottlledrl dei CIL,
l' 'è "II1I[lin Hl.llltio pm' HOlflilu7,lolti Il nggiulI[o IH n]t.rl mUolt!.

r~' ipOt08i IlIlHuntll è Ht~IIIL l'onl(\),l1IlIlu dldl 'I~I.LIII('. ,ll IIlut;osi dl li'ourle!' [ri,H.

mOltslOlllLli (J 1 IHLl'lLl11otl'1 soml Ht.ntÎ mUlulili fillo IL lUI fat,l::tm- dl ,liHO,ol'dnllzu Ilcil.

1 '8,8%, attrlbuendo vilL v!n mUL IIpprupl'iUII.L mLturfl o.hllll!('11 Id divel'I>I mnssiml di

cloJlaità olethron!e-ll, Iml1a baH(! 0101101()1'(J intL',IIIMà (j dollll diatRllzlJ IO.nJutI'o (l,on quolli

ucUaeonti.

La 1'0I'IJl1l]n chimic!L ,lelln clelhnyolit(, ylmll! (loai I1IIJllifi(llLtIL dnl dll\t]ta.t.i dol.

l'u,IlILHlli Htrutturulo: en,(NIl.CII)I(7(8iIlAI.)()""U].I'". J.u. (,IIIIIPOHiziOlW pt~reolltun]o in

OIlIÜcli, l'ic.u.]oolntn Ilt~ qllf!HIIL fCIl'IlIlIl" 11 In()It~) vidnH Il quelI1L IHlbblieat1t 11ILDorf111uIl

o coll" montre quell11 di SlLlmuu~ (\ Hyti.iul\Ilj 1'!tO tl'OVIIUO 11I0ito ]liil fltUr.io () IIlo]ti

mello 11101111,11 pl'oblLhUmt1Jlto vizilLtlL 11ull 'ul.t.u'!,~'(J uc~.ido, nJaol!i 1I(I('(11111111'iopm'pmi.

fi caI'o il ]01'0 r,umpiollo,

Oome ipot.Î7.7.ftto, l' ill1lmllmtul'IL IloIIIL mue.,loull!clItn IIi mnntiellc lIcl1a. c!I)]hayo.
Jito. T"LLIIOflMtuÛono clol Si ,',cm Al Il,Yl'imlO (I}'((hllllllllwnte III LIII11 c1oJlo 1:1'0 pOfl!'
zioni indipondent.[ OlU',uIHLOO,]nl ('II.t.Îcmi totl'lH'dri(!i. 1,0 ('utolle IH n(-t.M,ld dei Ou,

eollogato fra 101'0 (hl logfuni (l'i!1l'uKcmo Il01ht mae(lonillditn, qui lIono eoUogu.tC!

c1u. C~Lt(\\llI ,U 1)1'iH1I1i dol NIL !JI IHq)ILI,~utura delhL IIHLr.llonnJclito èu.ttrILVOI'!II1ta. da

\ln tloppio Hil!t:OIllIL III {'Imull, in l'Ali trO\'UIIO llOfll'{I gli ILtomi di hll1'10 (1 10 JUO-

100010il 'ncquLL non Jogato III mLtloui. NoJlu, dl1lhltyoJito 1.11 quoatl spltzi Ylloti
tI'OYU.IlOpOfltO atomi ,Ji K (j ,Ji 01, l'lm Ul','upano III )Ial'to !HIHÎ.Ûolli IIlW\'O 0 ln plll'h1

poaizioni già occmpllto neJiu lIIuodonulc1itc' dlll hlll'jO 0 1]1111'ncl}wl.
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Introduction.

DelhayeHte is a silicate round b~' Sl1hama HlIcl lIj'tiitH'II (11 in a
complex Imlsilite.bearing nwlilitp.l\l'plwlinite lav/1 fI'om ~t. Sulwrn.
Nyiragongo .Arca, North Kivu (COl\go). 'l'lws(! ehpmÎlml und (!r~'KUlltlJ.
graphie data are quoted from the pap<'l' (1]: elH'1l1l1'lIlform\lh~:

(Na, K)'l CafiAloSia20HO.18H20 . :J(Na2, K2HCb ,1<'2. SO,,);

nuit ceU parameters:

et== <i.5a::!: O.O:J ./\.
b == 24.05 :t 0.2 1.\
c == 7.04:t o.oa j\.

Thea side should be doubled owing to «('xt.I'('Ul!'ly WPt~lch~~'('I'.lilln!i':II
showed by the a-axis rotation photogl'aphs. Th!' unit; eell with Hu'
doubled a-axis contains one formula unit. 'r\1l\ I)()HHiblpSplWI' grnup:!l
are Pmn21 and Pmmn. Sahama and IIyti)l1pn Wl'Îtl. t.hut th(' dU'111Î('ul
formula (derived from chemical !tlullyses (mrL'Ïl'd out. by PNlUtÎ
Ojanpera of the Geologieal Survey of 1!'inh~nd) is only a pro"iHionn.l
approximation because of tJ1(;low purity of the tLlHtlysed IIIntN'inl.

ln a paper on the crystal struetm'(' 01' lnltedomddit~! HELCIl..H::

ShOOS8'10,4H20 [2], the possibility 01' a dORestructural l'C'lntiouahip
of tl1at silicate with delhayelite and the relatecl minoral rllt)(lmlitn ,,,tU..
discl1ssed on the basis of the simiJarity of th(\ cl'ystallographit\, ph;yaieul
and (at least for rhoclesite) chemical propcrtics, Also tlw ()bHlH~Vt.tl
strl1ctural connection between macdonaldite and the fibrous 7,eoUt.es
as weIl as the resemblance of these ones with delhayelite nndrho.
desite [1], [3] supported the hypothesis that the thrce mention.ed
silicates cOll1dbelong to the same structural fmnily.

The aim of this work is the c1etermination of the (!rYHtal sl:,l'lle,tul'l!
of delhayelite in oreler 1.0verify that hypothesis.

Experimental.

Prof. '1'h. G. Sahama kinelly sl1ppliod It H!Unple of delhll,}'f'litt>
consisting of very smltll crystal fragment'!. One of! thoHe JmvînK n
roughly prismatic sJlape (abollt two tonths of millinwtel' loug wit.h
a cross section of few hundredths of millimetel') was Hhosml fOI' Hw
collection of the X-rays experimental data.



tifi

Il'1'0111rotation and \vpit>Hl'nlwrg' jllIotogl'lIplll! t]w (!pll pnran1<!tl'l'H
were l'en1(~nHUrl'(]:

ft 24.8G::!:: 0.01 A
b 7.07 ~!:0.0:2A
e fi.58 :!: lt01 .~\.

The 110ssib]e Hpaee gl'onps Ilrl' thm;l' gi\,pn by ~1l]l!una and Hytihwll:

Pmn2t and Pmmll. Th(' ol'iptltutioll 01' (,\w cl'll aXl'H was ehallg'ncl with
respl'ct to that used bv tlll' pitl'(] .\lIthn]'s in {)l'(lni' tn 111'1tht' Rtf\ndfLl~d

Societamineralogica 1ta11ana.
Retl.diconti.

m1tRA'J'A UOltH1CŒ

Ila forlllula tipol'tata nPl l'igo 11 (H pug-. 71 dl'I vol. XXV Fuse. 1 dni
Rmlc11t\m1t.i, dnvl' Inggl'l'Hi 111'1 1110:]0 S('I..nH'ntl':

l (1'ol'za iouie,a) ::=

Crystal Structure Analysis.

The starting ]Joint of t11(' HtruetUl'e alutlYHis was the lIypot11esis
of the close l'elationship 01' delhuYl'lite and nuwdonaldite. The th1'ee-
c1imensional Pattm,'sou synt1wsiH of clullmyelite clicl not c1isearc1 thi8
supposition at Ieast fol' what waH (\OlHWl'llnclwith the chains of Ca-
oetaheclra aild the doub]p ]ayerf! of 8i-h~tl'H,hl'clrawhieh are the charac-
te1'istic featUI'l~of macdona]clito. So a Htl'UetUl'UfactorH (mIcu]ation, in
the centrie spl1<\e group Pmmu, waH <mi'l'Ïed out by giving to one
calcium (iu a foul'I'old ('qnipoint.), to t.hree Si atoms (OJlÜin a genel'al
position and two ill fourJ'o]d <~<111ipoints)ancl t.o the oxygens bonclec1
to silicon, the same }1tomj(! (!ool'(lina1:ef!of nuwdoualc1ite, takillg into
aecount t11at in this one the b and a ceU pal'ametel's are doubled.



SiO, 46.34 46.fi3 -18.1.0 52,(\(1

TiO. traces 0.07 0.011

RE.O. 0,11 0.13
AJ,O. 6.43 G,fi\) fi.8'~ 0,22

'Fe.O" 0,54 0.73 ~.7~

MilO 0.08 0.12 (],07

BeO 0.02 0.17
CaO 1<1.39 14..55 ](1.07 7.110

CrO 0.12 0.17
MgO 0.14 0.17 1.0;1

Na"O G.42 (\.88 fi.33 3,20

K.O 17.92 1.8.37 ]lU) 0 !).27

F 2,80 2.91 4.36 o.aa
()] 3.35 3.47 '1.06 :UJ1
S 0.06 0.27 1.31 HO.
1I,0 + 1.23 1.48 n,OB
II~O- 0.43 0,06 :J.a5
0= (F,01) ---~.75 -1.O]

_'._'-_'__n_,,"'_.'.'"'_'__

~Total 100.00 100.01

(Hi I~. GANNIfJlJ(J, G. [{ORRI and l,. PNGAIU:TTI

A tlu'fJ('-dÎlm'lllliolllLl l!'o 'II PoU!'jpl' H~'llthl'!oIiHwnH c',omputvd 11111111'lmliili

of t.lw eakulatf\d stl'ueture J'HetOl'H. '1'111' H'oul'it'l' ntnpK j,dluwc'cI '\'1,11

l'esolvrd Iwaks cOl'responding to tl1(' atcHll!ol(1IIlplu.rc'cl in efllll)mting- tlu'

stl'lldUl'(~ 1'IwtOl'1!and some 11101'('maxima HUIt \\'fll'C' 1111Îll!t'rpl'(.tllbh.

011 the basis of: the ehemicml. lumlysis gh'l'Il by :-Iuhullut nncl IIJ'WnC'lI.

III faet a e1H'mical formula eOlllIHÜt'd from tl\(' dle-d 11IIILI,vHiH,un tht'

basis of IL SituOns tetrahedral gl'O\lll, Hhows Il Htl'Ong ch-!'ipitHWY nfGlI,

Na fmcl K with l'espec~t jn thl' numhpl' of: mllxillHI il! thc' l"()nrÎl~r

synthesis, No lWW ehemieal ml!tlYHiK WIlS posHihle b(!CH\1HC'of tlw 8(~lt,r.

city and impul'ity of the aV!lilablp mllt,<'l'iaJ. So the !lttrihut.ion of ft

'naUle ' to the maxinlll was llutde, step by sb'I) taldng' 111(.<)necount

1 3

], 2 - Analyses of Dodmau et al. [4]. TheBe authol's ",rite thn c.hollli~HI l'ol'lI1ula
as fo]]ows: (1\:,Na)IlCa,jAI,Si12(O, OH, F, CI)".

3 - AnÛysil! computed from the chemieal formula. l'esuHillg from t.hiH wCJI'k.
4 - Allltl;rsis of Sahama mu] Hyt.olH\J.l [1].
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the e1mrwn1H (lPIl'!'\t'cl in l'hl' ,.lIplllil'lIl 11I1IlIy:-ïis,th" IlI'ight. nt' l'hl' }H'aJtH,
their r('htl'iyp diHtHlH'I'H alld Ihl'Ït' (lili1!IIII'l's t'rom 1111'O:x:ygl'IIRof the'

tl'trahedrfl. At tlH' l'ncl of thiH [)t'OI'I'lltU't' 1\ ioll'lt'.!.tlIIsiRh'nt !\.X'I'fltlj.\'I'IIlf'1I1

of atlJJlIH WIlHobtninl'IJ /IlItl HubmÎtIl'd lu thl' It'mil-HI!lUlI'I'R x'l'finf'HlI'III.

'l'he hypothpti<'lll ('(.JI ecmtpllt Hl thiR Htllf.(('WIIK: Ua'INI!'IKxSiluOMxChli'o1 i

this stoiehioJlH'tl'il~ unit donK nol gpt hllll1l1l'ptl itH l'll'ctl't)flt.!Ltie l'JHll'ges,

Dudng the' t'1.fin('IIH'1I1 tlu' InultiJllil'l' ot' HI'\'('t'1l1 tloubtful at01llH WIIS

allowed to vllry iu ord('r to obtain HOIl\!'HuppJmlll'lI lary informations:

the positiOlJH of: potllHHium !lPJH'Hl,(.d Îlll'olllpJl'tl'ly ()(~('Ilpi(!d, the posi-

tion oÏ tJ1I' Hl1ppOHed Hodium HI'('II\I'd 1'0 hl' OI!('.\1pi(~dhy ILIH'llyh~.l'cation.

These infornmtiouH tog(~tlH't' with Ihm\!' ohtllinl'II l'l'mll thl' mOl'l' pl'NdS(\

values of tlw boul1 diHtfllH'I'H ll'd to IhiH hypotlll'lÎclll CI~n (!ontent:

Oa-t(Na:,Ca)K1(SiHAb)O:IRCbl.', i it gÎVI'H tIti' Ih'Ht l{' t'uI.tor: 0.088 Ïor

the obscrved 1'l,nflxioIlS.

~l\AIH,E IL

Jï'ina~ atomic pm'mnctm's anrlllwil' ,~tanâa1'd dCl'intions (in pct1'cnthescs),

W is tho Wyc,kofj~ lIotatioll (If th!! uCjuipoiliti N jR III!! Il 1l1IIhm' of 1.~t(IJnRp()l' unit.

cel1. The stanc1ard I((wintjl))l of tllt\ lIIull:ipliol'x N nllowl'd tn vU.l'j' in the ](\Jl8t.

sqUllroo refillLHmmt nff'odx thtl S!!(~(]JH\I\ocimn\ .figllru.

Atom W

Na, Ca
Oa
Si(l)
8i(2)
Si(3)
0(1)
O(lJ)
0(3)
0(4)
0(5)
0(6)
0(7)
F
CI
R(l)
R(2)
R(S)

Il "1.8
3,7
1.8
1,7

f
Il

h

4
4
8
4
4
8
8
8
4.

4

'I.

IJ
0.0067(l)
0.1125(1)
0.1828(2)
O.lIJ6ii(2)
o,olmo (4)
O.10tS(4)
0.1124,(4)
0.0401 (5)
O.Hi80(tI)
O,12111i(tI)

O.2IiOO
0,0207 (/~)
O,2IiOO
(),1322(2)

0.2500
0,2500

o
0.7500
0,,1I1Iill (loi)

0.7500
n.7500
0.4818(20)
0,5510(21)
O.fitl75 (111)
O.750U
0.7500
O.2iiOO
O.71i00
O,2IiOO
O,21i00
0,2500
0.2500
O.7IiOO

o
0.ôj03'! (7)
0.2818 (4)
O.1i3.l2 (8)
0.11188 (7)
0.38.15 (18)

0.'1135(17)
0.OtlOl(15)
0,81(\4(20)
0,7738 (24)
0.243S(25)

0.5392 (32)
0,81<10(17)

0,8793 (17)

0.7804 (8)

O,3721(1'!)

O.OHI5(1.(J)

1.07 (15)
0.81 (9)
0.51 (6)
0.59 (9)
0.70 (0)
:\.76 (25)
4.01 (26)
:1.28(2:\)
1.(!4(27)
2.78(Sl)
2.n6 (S6)
2,32 (42)
2.02 (23)
3,83 (32)
1.95(14)
2,76 (25)
4.45(31)
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DUI'illg' thl' lust sta.ge of thl' !'1'1'i1H'1II1'1l!1111'ILUthol'S of this wurk
had tl1l\ ojJpo1'tuni!y tu l'I'ud 1hl' HUIIIII1H1'j'nt' Il papu!' of Dnl'fnULn

et a~. [4] /lbout tl1(l diSt'o\'t' l'j' of tlt'lhnp'1it.' in l'hl' Rnvirt Union. 'rhiR
sUJlllnm'j' 1'1').101'11'<1two t'lwmit'ul all!llj'sl'H whidl \\'1'1'(' /III 11IIt'xpmrtl'd
support to tlll' hypotlwtîc'ul fOl'mnl1l Wl'Îtll'II IIbo"l'. ln 'rable [ the

a.1UtlYSt~Hof l'hl' Russian AuthOl'H 111'1't'ollljJ/ll'l'd \\'ith thn.t of Sal1H.Itla
and Hyt1iwHI und with that ('OIllIJ\ltvd 1'1'0111IJ1(I ehmnimtl fOl'lIlIlla

resulting l'ronI this stl'lH'tUl'l' 1I1I/lIYHis. (JI' ('ourse emly a mic\l'opl'ohe

analysis of t~(lJ1gol('st' cÜ'l1Hlyrlito ('(miel giVt' Il eletailc>,cl picl:m~et of: its

chemicul formula. ln Illlj' way thl' fm'mula l'osulting l'l'om th(\ struc.

tural de.tl'1'IUinatioll would not 111'l'HI' f\'om the. tl'lW 0\1(1.

I~'inal ntomit' l'oordinutpR /llId tlwmml )1fll'/tllll'terH IU'(1 g-iv('n nI

'rabl0 II. The 1'111'11(11'high valUt's of tlw templ'1'!Ltul'P fact;ol's of the
oxygen atomH as wpll ILSHw fail'ly high vahws of tht' standard devia-

tions eoulcl dopr'lld l'rom tilt' doubling or tl1(' 1:!lxis ohst1l'ved hy Rahuma

1Lnd Hyti)1l1'll. 'l']lt' a1'omie r!OOrdÎlHl1t's lis\;(l(l in Tabln Il shoaIcl b(! only

average vahlps of the 1 truC' ' CJoordinlltr>sin the cell with the (~ ax.is
of 13.06 A. As it. has b(j(,llsaid i11a j)rpeeding s(~etiollor t11ispaper.
no ex.tra 1'r>flexionfi,eOl'l'esponding to tIlt' doubling of the eit.ed eeU
p!lrameter, bas bN'l1 obsery(1(l even with tlw loug (!xposul'e timea used
in taldng the X-1'lLyspietures. 'rhis fnet, howe\'('I', dO(js not eontradiet
the observation of' Sabmna and IIj,t(jnen bpefLUse,owing to 1'111'Pxtl.'e11H'
smallness of the sp(I('.îmeu, those very long PXPOSUl'(>'tilllt'S flllowed tlH'
mensurement of only one ludf oftlH' pOHliiblel'I.flexions. So, it; is pos-
sible th nt, ,vith Huitable t'X!)(JHUl'etimes, the eell side doubling e011ld
be seen also with the eryatal fragment. wwd for this work.

The final observee! ancl calenlatpc} struetUl'e fact.ors are c011lpared
iu Table lU. Bond distaneps aud ang!ps as weU lU! tlwir standard
deviations are given iu 'l'abh~ IV.

Discussion.

Calcium. One Ua atom ia prPHlmt in the aHYlmnetl'Îc unit and is
locatecl on the mir l'al' pIanu (010). [1'.hali a Rix-j'old coordination built
up by five oxygem; of tlw totralH1c1l'lI(Ca-() J'rom 2.;30 1'.02.37 .1\.)and
one fluorine (Ca-Ii' Z.ZO.1\.). 'l'he l!l)orclination polyheclron coulcl be
roughly describoc1 as an odahodrol1. Those oetahoc1rl1, by sharing two
opposite edges, fonu chains paral1Pl to b.
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'l'Alll.1>: 1V.

Interntmnic di8tanc/'S (A) ancZ flnl/lf'8 (") fi/III thf'Ü' x/rl/ulard rln'itllÏtJIIJl
(in pW'f"lI.l h r'8fW).

A Higll
'

iH usuel tu lliHtÎ1Ig'lIiHh (~qUi\'llhHlt IItolIlH. '1'lw tlillhllll'Oli prUl!(1IljM\ Ii" uun
It8t:eriflk oe,eut' twieo; tl1oll(\ Pl'()(!,uÜccl bJ' Iwu IllitoriHkli (W~lIr four tiull"1I.

AtOJJl8 Bond longths

Si(l) -0(1)

-0(2)

-Ota)
-0(0)

Si, Al -0 (2)
-0(7)
-O(fi)

Si(3) -O(fi)

-0(4)
-0(3)

Na, Ca -P

-0 ('!)
-0(1)
-0(3)

Ca -P
--0(4)
-0(1)

-0(1)'
K(l) -F

-0(3)

-01
--0(6)'
-0(2)
-0(6)
-O(fi)
-0(1)

}{(2) -0 (2)
-.0(6)

-01

--01'
K(3) -0(5)

-0(7)'
-0(7)
-0]
-0(2)
-0(3)

- -. .~--_.-

l.58(1)
1,02 (1)

1.02 (1)
1.60(1)

*1.70(J)
1.07 (1)
1.08(2)
1.5!)(2)
1.57(1)

*1.f59(1)
*2.27(1)
*2.46(1)
*2.86(1)
*2.80(1)

2.20(1)
2.30(1)

*2.36 (1)

*2.37(1)
2.56(1)

*2.93 (1)
3.00(1)
3.02 (1)

*3.29 (1)
3.51 (1)
3.50(1)

*3.61 (1)
**3.07 (2)

"3.11 (1)
3.22 (1)
3.31 (1)

*2.79'(2)
3.H(2)
3.39(2)
3.65 (1)

**3.66(1)
*"3.66(1)

_'_'"H,,_'.
.".

"

"_,_<~",,._w_,, ,

"

,.=m~".""","".,<"".,.,,,",,,...,.,,,,,,

A Il)11111

() (1}...Si( 1}..{) (2)

O(I)-Si(1 )u.O(a)
O( 1}--+!i(lr",O(HJ

O(2r'-Si(1T" 0(:1)
() (2}.,.8i(1 r'C) (6)
o (fi)-8i(1} 0(6)
() (2}..-Bi(2}-..O (7)

o (2}-Si(2}""()(5)
()(2}-Si(2}..O(2Y

o (7)-..Si (2 )--.{) (5)
() (,~

r"-Si(fI}--O (a)
o (4}-SI(1J } () (Ii)
O(3)-SI(IJ}"-O(:i}
O(3HI(3}-O(:I)'
SI (l}--O (3)-'".81 CI J'
Si(2}-O(7>-".Bi (2Y
Si ( 1)-0 (2 )--, SI (2)
Si( 1}-O(II}.-Si(lI)
Si(2)-O(lir".Si(a)

115.7m
110.2 (7)
112.0 (fH
108.l (61
103.7 (8)
IOH.5 (1)
10R.1i (71
101'1,11 !tn
112.2(Ln i

110.'1 (81
1011.3 (7)
1I!1..[ (8)

105.7 (61
HlX,2 (1.111

1'15 (2)

17R (2
142 (1
152 (1
14!! (t
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Sm/il/Ill. 'l'hl' !wsl SI'lllll'l'illg 1'\Il'VI' t'III' t.ltis 1111111Il,villA' 011 Il H~'IIl-

IlIl'tl',\' ('l'nll'I'' \l'US fllHI IllIsl'd 011 1111'IISSl1ll1plioll tlnll 1111'sirP wClultllw
O(','uJlit'll by :! 4 ~H IlIltl 1.~ ('Il. ~ndilllll is Imlllll'Il to tWCl l'' nlnllls
(NIl,,'"I" 2.271\lul1d ln six nxygl'llsnf th" t..tl'lth~.tll'Il(IWo Na" "".() of 2.4!i

Hlld l'our Na..""..(1 of 2.80 A1. 'l'hl' l'ighl /IIPliliolll'rI HtlllllS OC'l'ur ltt the

\'l'I'ti<WI-InI' Il SOI'I nf (Jl,thnl'hmtlhit' pl'ÎHIIl. 'plw p1'ÏHlHs sharl' two nppo~

sit!' l'dgl's thus fCll'lIIing' 1,lulins parlllll'l 10 1hnsp nI' oI'lUJWt!t'H,

flot (/SSilllll. 'l'III' pnhlMi 11I11 Il j UIIlS ha VI' Il ni Il l', 'g'1dit!' IHlOl'dhultioll

owing tu tl1l'ir ()('('IlI'I'I'IWt' in Inl'gl' ('uviti!'s nI' th!' Hll'lH~I1!l'l'. (1111' pUll

l'I'mm'k 1'111'shOl'!. d istlUl('[ls 1)('I\\'I'l'1I 1\ (1 > IllId l,' and I\. (1) HlHI CI i

thl'Y fll'l' shOl'Il'l' than 1111' HI1I11of Iht' Îonil' l'ildii of' tht. Îllvolwd ltfOlllS,
K (2) UPl'lIltit.g tlll' SlIIlI(' pnsitiOlI uf' Ba ill IIlfwdollnld itc~j ifs ('ool'rli-

IlILt.ÎU!Iis 111111'1')'l'gulal' Iwillg t'nl'III('rI b,v six oX,vgC'I1RHI Ihe vo!'tiel'H

of IL ruldl'd hl'xlIgnn \l'Hh (1111'('hlcll'ÎIH' IltUIII ab(lv!' /Lnd ow' belnw,

HOIII«'1110)'('WOI'tls 011 th.. 1'011' of' pOtllSliiulII uud (~hIOl'iup will IH'

slwn1. ill tlw (HHtI'S(' or tht' d(lsl'l'iplÎolI of' tIlt' str\.wtu!'I',

BiUcon. '[,hl'('1' liilil'OII nlmlls fit'.' PI'I'/oII'II1.lu !'.III'aS~'lnml'1.l'ie lIIrit j

0111'ol' them shal'PK nll t hc' oXygl'lIs with othel' Il'tI'nhl'ch'll j tlw l'ellmin-

il1g Iwo have Oll!' oxygC'1I Illls!ull'ml. 'l'hl'sl' OIWShaY!.' HI.,--O boud tliR-
tHIHWS of' about l.fiO A whill' tlll' Ri--O bOlld lelJghts ot' thl' fol'UH'I' l'clllg'('

ft'ont UI? tu 1.70 iL 1.'01' this 1'I'IISnn il'. WWi flSHUlU('tI that tll<' l'OI'1't'R-
J)(JUdIIJg' Tnur!'nld l'quipoint waR cwtmpil'd by !j(JI/; Hi IIU([ fiO?!,! Al.

AI'. onc' (',an Sl'(' In 'rflblt~ IV thl' Il'lIgthH of' tht' Hi..,,,",,(1bonds m't'Ilot mueh

Îllflnencpd by tllI'l'ur:1', thut tht' oXyg<.ms cll'(' UlIshl\l'(J(! or !';)IHl'(,(I with

uthe'!' tt'trahc.tIra: Si(l}~O(l) l.ftH A, HiUU-..O(4) 1.57 A; the IlWl"age

8i-O distmH~e fol' lihart'tI oxyg(lns ilo;about l.no A. As suggnsted by
Urniekshank [5] thi,., J'aet, Iii (hw to Hu' 1))'1'10;('11('1'nI' AI hl tJwtl'tl'll1w-

dml J'l'flmewc)/'k. Il kel'lIlH wOI'th~' 10 point out li1at in ItIflec!ollaldite,

whieh hlls 1I1(.~ SIUII!'. 1p1.l'aJH'rlt',d f'l'fulH~wol'k,but:. is J'l'l't'of Al, t]1I'
aVPl'agn bOlld diRIH!](WS of Hi wilh titI' ulishul'('cl oxyg~'JlS \V('1'(! about
l.m A ILlldihoR!' \Vith 1111' sllUl'l'd OIiPS II'm'(1 ahout. l.G:! J....

D(:,~(!I'i]Jtion of tlll' ,~tl'IWhl1'l' (HPC'1"ig.1.!. As rn'I'vio\lsly poilll('<1

out:. tlw st)'uC'Jul'al ffIHlIU'C'S r'ulIlJllnn tn IIlHI!(]fHlfLlditt' anrl cll'lltlly"'itl~

/ll'(~ the doublc~ 1:t'\:.l'lllwd t'/LI laypl's (Jl' tlw al)()ph,ylI1te t,VJH! IlIif 1 1.11<'(~ltlli 111'1

nf' Cu-nehlh('(h'/l. '1'110 « ic1('alh~pd» Hpuplt,ylliÜ' IILY('!' if> c](.dvl'd J'l'III 11 tlll~

(!ondmumtion of WO!lIlS!;Ollitl' IdmillH Ihl'Ollg'h 1Itl' xOllot!itt. l'ibllOH. III

lIuwdolla1clit(, thl' doublt. ]ayr'l's !U'pimbpddpt! Iw1.l\'(~I!n hl)'nl'H of UII-
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Fig. 1. - Botto1/!: 8chel11atic part.ial Vro,icct.ioll of t,11!\('l'j'HIIII HI,j'lldlll'.' lit
c1elhayc1ite along the. a axis and kcy to tho ilhmt:ii'imLtiOIi

of' thl' IItUlIlH(sman black CÎreles are fIuOl'ine atoms). Tho ]ayerH (Ji' Si.tllt.l'ahudl'Il lUI wl,1I

as of Ca-oetahccha ancl Na-pl'istns Ilrc ShOWll, ;C011: S(,h(illlllti<' l'Utrliul

projeet.ion along the 11 !lxis-, A section of tlw (\]1111111(11Vllmll(.j
1'0 1J iHshow:n, The othe.r ehmlllel l'Uns pllrl1l](ll to c,


