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AssrRAcr

A unique titanian ferro-omphacite has been found
in.the regionally metamorphosed peralkaline (ag-
paitic) rocks of tle Red Wine alkalic province'of
Crntral Labrador. The mineral is characterized
by its brilliant blue pleochroism and by its un-
usrnl composition, which is richer in Ti and Fe,
and lower in Mg and Ca than previously de-
cribed omphacites.
-- th9 mineral may be represented by tle simpli
fied formula (Na.sgCa.ae) (Al.auFe.orTior) SiO6; it
is monoclinic and crystallizes in space group
P2/n, with cell dimensions d=9.622(2), b=
\.82{(2), c - s.279 (1) A, p - ro6.s2(2)", z =
4. TWo independent structure refinements' iarried
out on thre€-dimsnsiea4l MoKo counter data gave
uqweighted residuals of. 0.047 and 0.041. Orde-riug
of the cations in tbe M sites is similar to that re-
ported for P2 omphacite, with Fe enriched in Ml
(and, MI(|)H), Al in M1(1) (and MIH), Na in M2
(and M2(l)H) and Ca n M2(I) (and. M2H).

INrnooucnoN

During geological investigations of a metamor-
phosed alkaline complex in central Labrador, an
unusual blue pyroxene was encountered (Curtis
et al, 1974). Subsequent chemical analysis in-
dicated that the clinopyroxene was an iion-tita-
nian-omphacitg conforming to the definition
grgpgsed by Clark & Papike (1968) viz. AllAl+
{e'l)70.S, and 0.2( NaZ(Na+ca){0.8 (Table
1). Tle omphacite is notably higher in Ti, Fe
and Na, and correspondingly low in Mg and Ca
compared to other omphacites described in the
Iiterature.

The blue pyroxene occurs in alkaline gneisses
and metamorphosed syenites and maligniles, and
coexists with alkali feldspar, arfvedsonite, nephe-
lino and- aluminous pyioxenes. The omphicite
occurs either as a single pyroxene phase, br ehe
il soexists *i1tr aluminous aegirines (chlorome_
tanites, see Essene & Fyfe 1967, Onuki & Ernst
1969) or aegirine-jadeiies, within tne uum" n*A

specimen, or more rarely within a single grain.
Textural relationships suggest that the pyroxenes
are metamorphic with the increase in the Jd com-
ponent resulting from the lower Si in the under-
saturated environment (Coleman & Cl:ark t967,
Bell & Kalb 1969, Currie & Curtis in prep.).
Si.milar aluminous pyroxenes are common in
blueschist facies rocks in Japan, California and
elsewhere. Two of the occurrenceg from the
blueschist San'bagawa region occur in meta-
morphosod derivatives of alkalic rocks (Iwasaki
1960), thus supporting the proposed metamor-
phic origin for these Labrador pyroxencs.

Recently an omphacite from a "hornblende
bearing eclogite" described by Matsumoto &
Banno (1970) was found to have P2/n symme-
try, in contrast to the P2 symmetry ascribed to
omphacites by Clark, Appleman & Papike
(L969). A structural determination of the Labra-
dor omphacite was undertaken in order to assign
a structure type to this unique composition, and
also to attempt to resolve the apparent conflict
in the structural definition of omphacites.

ExpBnnvrsNrel

This paper describes structural refinements
on two different crystals of the blue omphacite
carried out independently at the University of
Toronto and at the University of Manitoba, here-
after designated as (I) and (W).

Several representative grains of the material
were analyzed by electron microprobe prior to
the final analysis of the actual crystals used in
the data collection. The Universitv of Toronto
ARL-EMX microprobe was used fbr determina-
tion of the elements under operating conditions
of 15kv and 0.03p,a sample current, using the
method described by Rucklidge et d. (1970).
Analysed sodic amphibole and aenigmatiio were
used as an internal standard. The ferric to fer-
rous iron ratio was determined by wet chemical
methods on a bulk separate from the sarne sam-
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ple. The analyses and crystal data are presented
in Table 1. Optical parameters, deterrnined by
D. Sturman at the Royal Ontario Museum are
also presented in Table 1.

Although the formulae derived from the
analyses in Table 1 indicate a slight excess in
the Y group cations, and a slight deficiency in

TABLE ]. CRYSTAL AND CfiEt{IcAL DATA FOR TITA}|IAN FERRO-OI{PHACITE

Crystnl data (T and t{)

a-9. 62 (2\, b4. 826 (21, a'5. 279 (l ) A, B'l 06.e2(2)'

Fczg.g5i3 Dn"3.42 g/q# ac-3.46 g/crn3 2"4

Space grcup P2ln (frcn structlre deteminatlon)

optlcat data (T and tl)

t - dark blue f1.723
r - azure blue 8--1.712 

Absorptlon t>b>z

z - colourless o.1.701 2vz-84"

0.,{.P. (010) caz 44" (in cbtuse B)

Eldtrcn prcbe analyss
Lotunro ,|r$flrw}

l l t .u  ca t jon  ;  I ' I t . t r  ca t lon  r  ca t jon
p m p o r t i o m * " P r c P o r t i o E " g r c u p

sr02 52.8 l .?l lLz.oo u.gs s2.5 l . l?3 fz.oo r.se z
or,o" rt.u<l'l ' i{ to.r< I' '..l l i
r t6, '  o.ee6.dXl z.oo d.oi l l
F e z o - r r  4 . 9 8  o . l 4 0 p l . o 2  1 9 . 1 7  5 . 0 5  0 . 1 4 1  F l . 0 1  1 9 . 7 4  1
F d  

-  
r o . s  0 . 3 3 2 1  r 0 . B  0 . 3 3 4  |

l, lso 0.el 0.047J 1.04 0.058J

Hno 0 .64  0 .0201 0 .57  0 .0181

33 
1l'fru!'lf!fo.es rs.ll '3:6u 3:|ffif0.* 'u.'n x

Ne20 6 .99  0 .507)  7 .60  0 , i l8 )

1 0 0 . 4  l 0 l . l

Olslcal fomulae*

Torcnto:
(M.sah.aeffn.oz)0.n6(Ar.orFerJrFe3fol&.04Ti.02)1.02(st.:zAl .o:) z.o0o

ldinnl Dea:
(Na.5;ca.43t' ln.o2)l .00 

(Al 
.40Fe'?53Fe3i4ils.061t.07)l .00 

(sl 
.gC .oz) z.o0o

a

gens. Ihe sm of the partial atom wlthln the brackets has been
scaled to unltt.

*5":+7Fe2a detemlned by wet chfilcal analysls. Ass@d equal for
both sampl6.

the X group, the sum of the two groups is almost
exactly 2.00. As the division of some of the
minor elements between these groups is some-
what arbitrary, we have assumed for the pur-
poses of crystal structure refinement that the
total occupancy of the sites associated with each
group is unity. We have thus been able to cal-
culate binary combinations of elsments which
poss€ss the same mean a'tomic number (Z) as
the more complex real groups, and these pairs
have been used in the site occupancy refine-
ment process. The equivatrent binary combina-
tion are:

X Group Y Group
Toronto .508 Na, .492 Ca ,475 Fe, ,525 N
Winnipeg.534 Na, .466 Ca .5L8 Fe, .482 Al

I,t became apparent from the microprobe scans
and microscopic observations that the dark blue
-pale blue pleochroism which characterize this

pyroxene could be correlated with the changes
in the Ti content, which may in turn be depen-
dent on Fe. The dark blue zones were found
to be higher in Ti and lower in Ca and Al rela-
tive to the pale blue zones. It is interesting to
note that the cell dimensions of both for'ms (dark
blue and blue) determined independently at (W)
and CI) wer,e virtually iden'tical (within ?$). Ix
was concluded, therefore, that the small varia-
tions in the Ti content between (W) and CI)
crystals (See Table 1) did not substantially affect
the cell dimensions.

The material used for t}Le x-ray study was se-
lected from crushed fragments of some of the
larger blue crystals. The common heterogeneous
association of pyroxene crystals in these rocks
rendered difficult the selection of a suitable
homogeneous crystal, but the quality of the
crystals finally chosen was assessed using the
polarizing microscope, and Weissenberg and
precession photograpbs taken with CuKa and
MoKa radiation.

All tested crystals showed violation of C-
centring and c glide extinctions in space group
A/c, but &0/ reflections with I * I = 2n * |
remained systematically absent, These systema-
tic absences were confirmed by long (80-120
brs) exposure of tle hol level talen on a pre-
cession camera with both CuKa and MoKa
radiations and by sloqr 20 scans carried out on
a four circle diffractometer with MoKcr radia-
tion. These observations indicated that the space
group syrnmetry of this omphacite is lowered
frotn C2/c to Pn ot PZ/n nther than to P2 as
previously reported for other ornphacites from
California and Venezuela localities (Clark &
Papike 1968; Clark, Appleman & Papike 1969).

The refinements of both structures were ini-
tiated using modified jadeite coordinates (Pre-
witt & Burnham, 1966) in the centrosymmetric
space group P2/n. A shift of oigrn from C2/c

TAELE 2. SI.$'$IART OF EXPERIffEI{TNL HFI1ODS E}IPLOYED IN I1IE DATA COLLECTION
AI{D FIML RESIDI.IALS FNOD THE LEAST.SQIARES REFINF'IENT

Torcnto Iinnlpeg

c r y s t a l  s l z e  0 . 0 3  x  0 ' 0 6  r  0 . 3  m  0 . 0 4  t  0 . l l  x  0 . 2 3  m

Radlation used Zr-filtered ibk graphlt+mmchrcmted !b

2o-o scan speed 0.5"/oln. var iable,-2-24' lmln.
Dlffractoreaer used Plcker FAcS-l Syntq P I

Backgrcund 2 x 40 sec. Erlable rl$ scan speed

;glj::l 
*o*tto* 2 every eo rerl' 2 everv 50 rerl.

s ln o/ l  mx.  0.70 0.755
Absorp. corrstloE not applted Gausslan quadmture

Nu6er of lndep€ndent t25q t335
refl stloE reEured

Nu$erd,reflectlos a4:(3") gzz(Adl

lelghting sch@ unlt mlghls mlt relgfits

[:i3:,.f;:9'H,?" 0.047 o.o4t
Flnal &-Yaluo-on 0.045 0.040
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TABLE 3. POSITIOML PARru4TTERS AND ISOTROPTC TEI|PERATUR! FACIORS

Sl te
Atom occuparcy

al Fe 0.779
N 0.221

l l l ( I )  Fe  0 .171
A1 0.829

& Ca 0.285
tu 0.715

&(l) ca 0.699
Na 0.301

o.75

0.75

0.75

0.75

0.0402(2
0.0381 (2
0.8655(4
a.8f22(5
0. l l  54(4
0. t039(s
0. I  077(5
0.0e69(4

0.8/-72
0.665'l
0.8410
0.6804
0.009 1
0.5007
0,76@
0.7430

0.2298
0.7354
0.1?2,3
0.6561
n m q

0.8052
0.0082
0.5019

wtu4IO

v z B(42)
0.6570(2) 0.25 0.6t

0.84ee(2) 0.75 0.4r

0.0524(4) 0.25 1.50

0,4530(2) 0.75 l . l9

Fe 0.786 0.75
Al  0.214
Fe 0.251 0.75
Al 0.749
Ca 0.260 0.75
Na 0.740
Ca 0.672 0.75
Na 0.328

0ccupancy

MNEIPEC

0.6s60( l )

0.8499 (2)

0.0520(3)

0.4526(2)

B(A?)

0 . 5 6

0.44

0.25

0 . 7 5

0.25

0 . 7 5

I .40

I  . I 5

2l
:{

!l
;t

s i l
s l  2
0  l ( l )
0  l ( 2 )
0  2 ( l )
0 2(21
0  3 (1 )
0 3(2)

1 . 0
1 . 0

1 . 0
1 . 0

1 .0'I .0

1 . 0
1 . 0
l n
1 n

t . 0
t . u
1 . 0

3 )  0 ,57
3) o. ! r
8) 0.83
8) 0.89
5) 0.93
8 )  l . l  2
8) 0.93
8) 0.87

0.8464( l )  0 .2305(3)  0 .51
0.6647( t )  0 .7353(3)  0 .4e
0.8400(4)  0 .1a7Ql  0 .68
0.6798(4)  0 .6559(7)  0 .66
0.0088(4)  0 .3088(7)  0 .73
0.5002(4)  0 .&58(7)  0 .90
0.756I (4 )  0 .0102(7)  0 .70
0.7428(4) 0.50a4(7) 0.61

e.a.d.'s tn parenthes€s rettr to last declnal place.

0rfgfn at f. Equlvalen! positlom: a,U,a: i, i ,/; l*, i,L-a; L+",V.rru.

to P2/n requires a change of. !1/+ or -y4 in
both the r and y coordinates). For both refine-
ments initial R-values were about 0.30 - 0.35, but
the structures converged rapidly after several

ruLr 4. AlIsoTRoPtc Ttl.lPERAIl,Rt FACI0R5 (r lO4)

cycles of least squares refinement to 0.06 Cf)
and 0.051 (W) using refined individual isotropic
temperature factors. Conversion,to anisotropic
temperature factors resultd in final unweighted
R-values (observed data) of 0.047 Cf) and 0.041
(W). Nzutral scattering factors of Cromer &
Mann (1968) (I) and Doyle & Turner (1968)
(W), and alomalous dispersion corrections of
Cromer & Lieberman (1970) G) and Cromer
(1965) (W) were used in the refinements. 'The
results of tle refinement confirm the choice of
P2/n, the highsl symmeky of the two possible
space groups.

A summary of the experimental methods em-
ployed in the data collections at C0 and (W)
is given in Table 2. Both refinements were car-
ried out using the full-matrix least squares pro-
gram RFINE (Finger 1969) which permits mul-
tiple site occupancy refinement with chemical
constraints. Table 3 lists posltional parameten
and individual isotropic tempera'ture .factors for
both structures. Nomenclature for the atoms
follow the scheme set out bv Burnha,m e, a/.
(L967r. Anisotropic temperature factors are
given in Table 4, and some of the more impor-
tant interatomic d,istances and angler in Table
5. Table 6, which contains obseni'ed and cal-
culated structure factors for the two refinements,
has been deposited with the National Science
Library Ottawa*.

Drscussrolt

The tilanium content of this omphacite is
clearly variable, as the microprobe analyses have

*This table has been deposited with the Depoeitory
of Unpublished Data. Copies may be obtained on
request to: Depository of Unpublished Data, Na-
tional Science Library, National Research Council
of Canada, Ottawa, Ontario, Canada.

IaBLE 5. li@osrf,m IxTERAToI'fic DrsTArCEs AND TMLES

ro@Eto *ma
s i r  -  0 1 0 )

-  020)
-  030)
_ 03(2)

r.err (sl l
r .602(5)
1.656(5,)
1 .659(4)
1.632'| ,0049

-  01(2
- e2G
- 030
- 03(2

:3ltli 81 1:li3[X]
- 02(2) (2x) 2.058(5)

lleen 2:l l7
€.r. l.0l 5l

srb o@psMyiii 3..180)
.Y I I I )  - . I ( l )  (2 r )  l .e5s(1)

-  01(2)  (2x)  l .eeo( t
-  62(1)  (a )  1 .887(5)

Ha.n l -945

4.1. l .1060

srt€ ocaFrcy(ii 3:13
,a - 0l(l) (a) 2.35s(5

- 0z(ll (2t) 2.373(1
_ 03(2)  (a )  2 .1s5(s
-  03( l )  (2x)  2 .718(5

I'ldn 2.479
srte eccupancylffi |:flQ)

r . 6 re (4 ) l
r .606(4) |
l -546(4) | IOWW HrM!-
r .655{1} l l  Ary l6 ( " )  Ec
1.9 ! l_  l l  o r t r t+ t r -oz( l )  n7 .e  l r / . sr .wae l l  o t ( l ) -  _030)  10g.6  108.7
r .6 rs t4 )  I  0 l ( l ) -  -03(2)  109.5  109.5
l .5Bafa t l  02( t ) -  -03( t )  toe .4  lo8 .e
r -670411F 02( l ) -  -03(2)  104.9  105.0
1 .64s(4)h  031) -  -03(2)  105.e  106.0

l.ff l , A i l€n loe.4 loe.3

2- t77(4) !  o l ( l ) -s t2 -02(2)  116.9  116.9
z .1 l3 la j  l l  0 l  (2 ) -  -03( l  )  107.8  107.6
Z.o50f4 l l l  0 l (2 ) -  -83(2)  109.3  109.3
? .13-  

'H  02(2) -  -03( l )  104.9  104.9
t . o t $  I  a 2 ( 2 ) -  - 0 3 ( 2 )  1 1 0 . 8  1 l l . i
0 .7e( l )  l l  03(1) -  -03(2)  106.e  106.7
0.21 f u*n 109,4 t09.g
I .e5t(4) r' _==_-_--
t.0oo (4 )-l
I .8t6(4)'1.r4{r 

I
r .005r I
0 .25  |
6 .75
r.567(4)t
2.372(4)l
2.156(4) i
2 .7?9(4) l
2,481 | a.e.d.'s In parenthgs refer
0.26 I to l4t delial olace

9'1i!31.] ,,". ls the quldnttc elon$-
2.402(1)l t lon nruerr (Robtron ai
2 . 3 9 3 ( 4 ) l  c z . 1 9 7 l )
2.49r (4) |
2.838t4) |
?.531 |
0 .67  |
o . r 3  I

!l@!
q.8.

,4( l )  -  ol(2) (2r)  2.3s8(4
- 02121 (a) 2.3e6(1
-  0 3 ( l )  ( L )  2 . 4 e 5 ( 5
- o3(2) (d) 2.8/. t (4

fiean 2.533
stte rccuparcy{ffi 3:13

For 01(1)-Si2-02(2): read 01(2)'Si2-02(2)
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shownn and the intensity of the blue colouring
can be correlated with TiOr. The two crystals
chosen foi struchrre determination had widely
differing TiOs contents, namely .88 and 2.60
wt. Vo. The former is not unusual but tle latter
gfeatly exceeds the TiOz content of most ompha-
cites which rarely rises above 0.5Vo. However,
this work shows that the two specimens have
virrually identical crystal structures, so the pre-
sence or absence of Ti does not seem to be an
important structural consid,eration.

This omphacite can be seen to differ from
others in a more dramatic way when one consi-
ders iE extremely low Mg content (-L% MgO)
and its rather high Fe (ISVo FeO equivalent).
Both these quantities lie well outside the norrnal
range roported for omphacites, and it may be
that the substitution of Fe for Mg has some
bearing on tle more restncted oldering pattern
over 2 cation sites rn P2/n as observed in this
study compared with the Y2 omphacites, where
th,ere are 4 independen't disordered cation sites.
Fig. 1a illustrates the omphacite compositional
field within the aluminous and ferric clinopy-
roxenes (Clark & Papike 1968). When plotted on

CLASSIFICATION OF ALKALINE PYROXENES

are/(Ats + Fol) +

J d T
I

I
e

F E

corwh I

(o)

Frc. 2. Diagram of A1l(Al f Fe"*) versus Mg/
(Mg * psz+) showhg previously studred ompha-
cites (Clark & Papike 1968) and tbe P2ln ompha-
cites of this study as T. W, and of Matsumoto &
Banno (1970) as M.

this diagpa,m (Fig. lb) the compositions of the
two crystals analysed in this study fall right jn

the middle of the omphacite field as defined by
those authors. Also plotted in Fig. 1b are in-
dividual analyses of other clinopyroxenes ftom
the Red Wine provincg and it is seen that a
continuous range exists right across to aegirine.
The colour also varies across this range, and
crystals can broadly be classed into 3 groups on
this basis: 1) blue, in the omphacite field, 2) pale
blue or colouxless in the circled area, and 3)
green towards aegirine.

The compositions of the analysed samples as
plotted in Fig. 1. are unremarkable. Ilowever,
when tho same compositions are presented on a
Mg/(Mg*Fe'+) vs A1/(Al*F'es+) diagramr as
in Fig. 2, it is clear that these specimens fie far
outside the normal range.

Tho existence of PZ/n omphacite has already
been noted Matsumoto & Banno L97O, I97l;
Matsumoto et al. t972) although no structure re-
finement of this crystal appears to have been pub-
lished. The compoeition of their sample plots in
the normal range for omphacites as seen in figs.
1, and 2, so it becomes less tenable to attribute
the existence of this new pyroxene space group
to a high Fe/Mg ratio.

The crystal structure of our P2/ n omphacite
bears close resemblance to that of the P2 om-
phacite described by Clark & Papike (1968).
However, whereas in their structure the absence
of a centre of symmetry and z glide) demand the
existence of two independent tetrahedral chains,
A and C, in P2/ n all chains are equivalent. Each

AEdRINE a E G T R T N E - J A o E r r E  l j f ; y , 1 i

AE6IRtNE

HEOEM&IE

'7W
Hd MDENSEREIE AUMIMUS

HEO€XBER6TE FASSAITE

SUSIITUTSN IN MI +

a ' c

, iop1.. o.'

(b)

1. (a) Classification proposed for alkaline py-
roxenes, incorporating the field of om-
phacite as defined by Clark & Papike
(1968).

(b) Analyse of pyroxenes from the Red
Wine complex covering the range om-
phacite to aegirine. The dashed area
represents pytoxenes distinguished op-
tically as chloromelanites, The P2/n
samples are desip.ated W and T, the
?2/n spedmen of Matsumoto and Banno
(1970) is designated M.

-  2 + - -  l o 0
F o . 5  A l . 5  f -

M9.gAl.s

o"rle8,r, AEGIR INE  -

AUGITE

Mg+ Fe2r

{

" r"u

"]il'. 
.li^lo''

co"-i4 oN
L-16

roa
M,J.sFe:f

I
?
+

FIc
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chain still contains two independent Si atoms
Sil and Si2 linked tlrough O3(1) and 03(2).
Similarly the number of independent M sites is
reduced from 8 to 4, namely ML, Ml(l), M2
and Mz(L) to which MI(I)H, MIH, MZ(L)H and
M2H are respectively equivalent.

Close similarities also exist in the site occu-
pancies which in the P2 model were described
with nearly identical occupancies n M- and, M-
(1)I1, and M-(L) andM-H, thoughthisisnotre-
quired by P2 syrnmetry. In H,/n tbese, pairs are
symmetry related, and hence constrained to be
equal in the refinement. In two refined p2 orm.-
phacites (Clark er al. 1969) the rario Me/(Mg*
Fe) is about 0.8 while rn our p2/n sample, ihis
ratio is about 0.1. Hence we cannot directlv com-
pare site occupancies beyond saying that in both
structures A1 is concentrated in MI(L) and (MI
HL Fe and Mg n ML (and, ML(L)H); f.or M2 the
similarity persists with Na enriched in MZ (and
M2(l)H) and Ca n MZ(I) (and M2H). Thus the
P2/ n strucfi)re is seen to offer an ordering pat-
tern for the 4 different non-tetrahedrallv co-
ordinated cation species (Mg,Fe), Al, Na and Ca,
which is simpler than in the P2 structure model.
In the latter, 8 sites are available for occuoancv
by 4 groups while the former has a one to one
comespondence. However, only in this minor
respect do the structures differ, and the geome-
trical structural details described bv Clark &
tuptl (1968) for P. apply almost equaily to
the P2/n arrangement.

.-Champness (1973) has speculated on the pos-
sibility of an order-disorder transformatioo 

"ii..-T,B-in the omphacite field, whereby disordered
C2/c jadeite-diopside solid solution would order
into P2 or P2/ n on cooling. An omphacite which
has experienced this ordering would consist of
two sets of domains in which the origins of the
primitive cells on opposite sides of an antiphase
boundary would differ by r/z(a-+b).If the crrystal
originally formed as an ordered phase, one w-ould
expect the anti-phase domains to be absent. but
these can only be detected by electron micro-
scope studies, which have not been attempted
here. The attractive possibility exists, howjver,
of defining more precisely the conditions of
formation by this approach.

As a final point it is worth noting thar the
quadratic elongation distortion parameters (Ro-
binson et al. 7971) for the two ML octahedra
differ markedly. The octahedron enriched in
Fe has a distortion of 1.015 in contrast to the
Al-enriched octahedron, 1d1.,$), where the dis-
tortion is only 1.005. This result bears out the
fatly general observation that Fe-bearing octa-
hedra are often ,mor€ distorted than Fe-free
ones. This compares with correspending values

of 1.015, 1.017, 1.010, and 1.01"6 f.or Ml, ML
(1)H, Ml(l) and MtH it the P2 omphacite of
Clark & Papike (1968). The distortion in the
first two, which contain mainly Mg with minor
Fe, is interestingly similar to the Fe-rish ones
of our structure. Even when the Clark & Papike
(1968) data are refined in F2/ n (when a residual
of 0.046 can be obtained) the distortions of Ml
ard ML(L) octahedra become 1.014 and 1,006.
This result would appear to indicate that the
strucfure, rather than the Fe content, is responsi
ble for the distortion.
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